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1   Introduction  and  Summary 

This  study  assesses  the  rate-making  treatment  which  would  result 
from  the  application  of  the  precedents  of  the  Massachusetts 
Department  of  Public  Utilities  (DPU)  to  the  cost  recovery  of 
Boston  Edison  (BECO)  for  the  retail  share  of  its  Pilgrim  nuclear 
power  plant. 1 

We  approached  this  question  in  the  context  of  the  DPU's  "used- 
and-useful"  rule,  which  the  Department  applied  to  the  share  of 
Millstone  3  owned  by  Western  Massachusetts  Electric  Company 
(WMECO) .   This  rule,  and  its  significance  for  operating  baseload 
plants,  are  discussed  in  Section  2  of  this  report. 

Our  detailed  analysis  of  the  useful  portion  of  BECO's  investment 
in  Pilgrim  is  presented  in  Section  3  of  this  report.   For  most 
plausible  assumptions  about  the  future,  our  comparison  of 
Pilgrim's  costs  to  the  costs  of  replacement  power  indicates  that 
30%  or  more  of  Pilgrim  investment  at  the  end  of  1987  (about  $220 
million)  will  not  be  economically  useful.   It  is  also  likely  that 
most  of  the  remaining  year-end  investment  will  not  be 
economically  useful.   In  fact,  bringing  Pilgrim  back  into  service 
and  operating  it  is  likely  to  be  more  expensive  for  ratepayers 


1.  Pilgrim  is  often  referred  to  as  "Pilgrim  1,"  to  distinguish 
this  unit  from  a  second  unit  planned  for  the  generating 
station  in  the  1970s,  called  Pilgrim  2.   (BECO  also  had  a 
short-lived  plan  to  build  a  third  Pilgrim  nuclear  unit,  but 
this  unit  was  never  ordered.)   The  second  unit  was  canceled  in 
1981,  after  over  $400  million  had  been  invested  in  it.   Since 
there  is  now  only  one  Pilgrim  unit,  we  will  not  bother  with 
the  Pilgrim  1  title. 


than  replacing  Pilgrim  with  conservation,  small  power,  and 
increased  use  of  existing  oil  plants,  unless  one  or  more  of  the 
following  occurs:2 

1.  Pilgrim  operates  much  more  reliably  than  it  has  in  the 
past,  the  cost  of  operating  Pilgrim  (which  has  been  rising 
much  faster  than  inflation)  stabilizes  soon,  and  required 
additions  to  Pilgrim  stabilize  or  fall;  or 

2 .  oil  prices  rise  to  a  level  far  above  the  current 
projections,  and  BECO  is  unable  to  find  other  non-oil 
alternatives  to  Pilgrim. 

Section  4  of  this  report  describes  the  historical  cost  and 
operating  experience  of  Pilgrim  and  similar  plants,  and  derives 
projections  for  the  significant  determinants  of  Pilgrim's  future 
cost  of  power.   For  most  input  factors,  we  provide  Historic 
estimates  which  are  based  on  Pilgrim's  past  experience,  or  other 
projections  Unfavorable  to  Pilgrim;  projections  which  are  very 
Optimistic  or  Favorable  to  Pilgrim;  and  estimates  which  are 


2.  These  analyses  are  based  on  BECO,  costs.   BECO  sells  11%  of 
Pilgrim  output  to  each  of  two  investor-owned  utilities, 
Montaup  (part  of  Eastern  Utilities  Associates  and  wholesale 
supplier  to  Eastern  Edison)  and  Commonwealth  Electric,  and 
about  3%  more  to  various  municipals.   Pilgrim  costs  are 
essentially  the  same  for  all  participants,  except  that  BECO's 
sales  to  the  other  utilities  are  regulated  by  the  Federal 
Energy  Regulatory  Commission  (FERC) ,  which  generally  allows 
higher  rates  than  does  the  DPU.   Montaup  and  Commonwealth 
project  replacement  power  costs  are  lower  than  BECO's  (see 
Appendix  3) ,  so  Pilgrim  would  be  even  less  cost-effective  for 
these  utilities  than  for  BECO.   We  have  not  analyzed  the 
situation  for  the  municipals,  but  their  low  financing  costs 
should  make  replacement  power  even  less  expensive. 
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Intermediate  in  nature,  generally  requiring  Improved  experience 
compared  to  past  results. 

Section  5  discusses  the  potential  range  of  BECO  power  supply 
situations,  over  the  next  25  years,  including  the  need  for 
capacity,  the  source  of  replacement  energy  for  Pilgrim,  and  the 
cost  of  replacement  energy. 

The  last  two  sections  of  this  report  consider  the  likelihood  that 
the  current  outage  at  Pilgrim  will  represent  the  end  of  its  major 
problems.   Section  6  examines  the  history  of  other  nuclear  plants 
which  have  experienced  major  regulatory  outages,  to  determine 
whether  such  outages  appear  to  be  turning  points  in  the  recovery 
of  troubled  plants.   Section  7  examines  the  possibility  that  the 
current  outage  will  resolve  all  the  remaining  identifiable  safety 
issues,  whether  specific  to  Pilgrim,  generic  to  plants  of  its 
design,  or  generic  for  all  nuclear  power  plants.   If  additional 
issues  remain  to  be  resolved,  they  may  result  in  further  major 
outages,  poor  reliability,  high  backfitting  costs,  high  operating 
costs,  and  a  short  remaining  life. 
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2   Application  of  the  DPU's  Used-And-Useful  Rule  to  Existing 
Plants 

In  evaluating  the  continued  cost-effectiveness  of  Pilgrim  upon 
its  return  (if  it  does  return)  to  service  from  its  current 
extended  outage,  the  DPU  would  apply  its  used-and  useful  test 
first  enunciated  in  Re  Western  Massachusetts  Electric  Company, 
D.P.U.  84-25,  pp.  27-43  (July  31,  1984)  and  first  applied  in  Re 
Western  Massachusetts  Electric  Company,  D.P.U.  85-270,  pp. 
60-107,  119-132A  (June  30,  1986). 

Some  historical  context  may  help  explain  the  DPU's  abandonment- of 
the  traditional  "prudent  investment"  rule,  which  held  the  costs 
of  any  investment,  as  long  as  they  are  prudently  incurred  at  the 
time  the  investment  decision  was  made,  would  be  placed  in  rate 
base,  no  matter  how  poorly  the  investment  performed  on  an  after- 
the-fact  basis.   Several  factors  argued  against  the  continued 
unthinking  application  of  the  old  "prudent  investment"  rule  in 
the  1980s.   First,  the  huge  cost  of  some  nuclear  power  plants 
would  have  pushed  electric  rates  to  unacceptable  levels,  and 
would  have  caused  substantial  sales  erosion  and  earnings  erosion, 
if  they  were  placed  in  rate  base  in  full  immediately  after 
entering  commercial  service.   Second,  after-the-fact  "prudency 
reviews"  are  enormously  difficult  and  controversial  undertakings, 
and  require  very  substantial  regulatory  resources  to  be  accurate 
and  fair.   Third,  the  general  pressures  to  attempt  to  deregulate 
electric  power  generation  (at  least  on  the  margin)  lead  to  the 
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general  replacement  of  old  "cost  of  service"  doctrines  with 
"value  of  service"  doctrines. 

The  DPU's  used  and  useful  test  compares  the  Cumulative  Net 
Present  Value  of  the  Revenue  Requirements  (CNPVRR)  of  the 
generating  unit  in  question  to  the  CNPVRR  of  the  supply 
alternatives  which  would  be  utilized  in  place  of  the  generating 
unit  in  question.   If  the  former  exceeds  the  latter,  the  ratio  of 
the  latter  to  the  former  provides  the  ratio  of  the  generating 
unit's  cost  which  is  determined  to  be  used  and  useful. 
Furthermore,  when  evaluating  the  CNPVRR  of  the  generating  unit  in 
question,  the  future  revenue  requirements  caused  by  sunk  costs 
(such  as  return  on  investment,  and  depreciation  expense)  are  * 
included  in  the  analysis. 

An  example  of  the  DPU's  application  of  the  used-and-useful  test 
will  help  make  this  clear.   After  Millstone  3  went  into  service, 
the  DPU  reviewed  Millstone  3's  economics  in  the  next  WMECO  rate 
case,  DPU  85-270.   The  DPU  first  made  a  finding  that  all  of  the 
Millstone  3  investment  was  prudently  made  (pp.  32-35,  38-59) . 
The  DPU  next  found  that  Millstone  3  was  "used,"  noting  that  it 
was  in  commercial  operation,  that  it  provided  some  benefits  to 
WMECO' s  ratepayers,  that  it  had  achieved  100%  power,  that  it  had 
completed  its  100-hour  warranty  run,  and  that  it  had  been  turned 
over  to  NEPEX  for  economic  dispatch  purposes.   Re  Western 
Massachusetts  Electric  Company,  DPU  85-270,  pp.  60-63  (June  30, 
1986).   With  respect  to  whether  or  not  Millstone  3  was  "useful," 
the  Department  first  decided  to  apply  a  CNPVRR  test,  comparing 
the  CNPVRR  of  the  WMECO  system  with  Millstone  3  to  the  same 
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system  without  Millstone  3;  the  DPU  rejected  three  alternative 
tests  (the  replacement  energy  cost  method,  the  avoided  cost 
method,  and  the  market-clearing  price  method) .   Re  Western 
Massachusetts  Electric  Company,  DPU  85-270,  pp.  71-75  (June  30, 
1986) .   The  Department  next  set  out  what  it  considered  to  be  the 
relevant  input  variables  to  the  two  cases  (pp.  76-102) .   The 
Department  then  calculated  the  CNPVRR  of  the  Millstone  3  case  as 
$627  million;  the  CNPVRR  of  the  supply  alternatives  case  (gas 
turbines  and  combined  cycle  plants)  as  $479  million,  or  $148 
million  less  than  the  CNPVRR  of  the  Millstone  3  case.   As  the 
Millstone  3  case  was  more  expensive  than  the  supply  alternatives 
case,  the  DPU  found  that  76%  of  Millstone  3's  capital  cost  was 
useful,  and  24%  was  not  useful,  under  the  "used-and-useful"  test 
(pp.  102-104).   (The  24%  was  the  ratio  of  the  $148  million 
"excess  cost"  to  the  $627  million  total  cost  described  above) . 
The  Department  accordingly  found  76%  of  Millstone  3's  capital 
cost  to  be  used-and-useful,  and  placed  76%  of  its  cost  in  rate 
base  (phased  in  over  5  years) .   The  Department  excluded  the  other 
24%  from  rate  base,  amortized  it  over  a  10  year  period,  and  also 
disallowed  the  equity  portion  of  AFUDC,  and  any  return  on  the 
unamortized  portion,  from  the  24%  amount  (pp.  108-132) . 

Thus,  for  Pilgrim,  the  Department  would  compare  the  CNPVRR  for 
Pilgrim  (which  would  include  nuclear  fuel,  non-fuel  O&M, 
depreciation  expense,  decommissioning  provisions,  insurance, 
local  property  tax,  and  return  on  the  undepreciated  contribution 
to  rate  base,  grossed  up  for  taxes)  to  the  CNPVRR  for  the 
alternatives  to  Pilgrim.   The  alternatives  to  Pilgrim  would  be 
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some  combination  of  wholesale  purchases  and  increased  oil-fired 
generation  at  New  Boston  and  Mystic  (in  the  short  run),  gradually 
replaced  by  conservation  and  load  management  (C&LM) ,  small  power 
production,  cogeneration  and  possibly  combined-cycle  or  coal 
plants  (in  the  long  run) .   The  only  costs  related  to  Pilgrim 
which  would  be  excluded  from  this  analysis  would  be  expenses 
already  collected  in  rates,  such  as  accumulated  depreciation, 
decommissioning  expense  provisions,  and  return  on  contribution  to 
rate  base  already  collected. 

It  should  be  noted  that  any  potential  modifications  being 
considered  by  the  Department  to  its  used-and-useful  standard  for 
future  plant  (see  Re  New  Generating  Facilities,  D.P.U.  86-36-A> 
pp.  55-87  (April  7,  1987))  would  not  be  applicable  to  Pilgrim, 
just  as  they  were  not  applicable  to  Millstone  3.   Any  such 
modifications  would  only  apply  (if  at  all)  to  plant  started  after 
the  date  of  the  first  Western  Massachusetts  case,  i.e.  after  July 
31,  1984. 

In  the  New  Generating  Facilities  case,  it  appears  that  the  DPU 
may  be  reconsidering  the  "used-and-useful"  test,  and  may  be 
thinking  of  replacing  it  with  a  hybrid  test,  called  the  "prudent, 
used-and-useful"  test.   This  test  excludes  all  imprudently-made 
investments  from  cost  recovery,  permits  the  "used-and-useful" 
portion  of  prudently- incurred  costs  to  be  recovered  by  being 
placed  in  rate  base,  and  splits  the  "not-used-and-useful"  portion 
of  prudently-incurred  costs  between  the  ratepayer  and  the 
stockholder  by  amortizing  them,  without  a  return  being  earned  on 


-  7  - 


the  unamortized  portion,  and  with  the  equity  portion  of  AFUDC 
being  excluded  from  the  amount  amortized. 
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3   Useful  Portion  of  Pilgrim 

This  section  describes  the  derivation  of  our  estimates  of  the 
portion  of  Pilgrim  investment  which  is  economically  useful  under 
the  DPU's  used-and-useful  rules  discussed  above.   The  first  step 
in  this  process  is  the  identification  of  the  categories  of  costs 
and  other  parameters3  which  will  be  included  in  the  analysis. 


3.1  Costs  and  Other  Parameters  Included  in  the  Analysis 


The  current  analysis  uses  one  or  more  levels  of  each  of  the 
following  parameters: 

1.   Recovery  of  Sunk  Costs:   This  category  includes  the 

depreciation,  rate  of  return,  and  income  taxes  on  the  plant 
investment  as  of  the  present  time,  which  we  took  to  be 
December  31,  1987.   These  charges  simply  repay  BECO  for  the 
funds  it  has  already  put  into  plant.   Our  analysis  of  sunk 
cost  recovery  is  based  closely  on  a  calculation  provided  by 
BECO  (see  Appendix  1) . 


By  "parameters , "  we  mean  any  of  the  numbers  which  contribute 
to  making  a  plant  cost-effective.   Most  of  these  parameters 
are  costs,  such  as  construction  costs,  operating  costs, 
decommissioning  costs,  and  so  on,  but  other  important 
parameters  determine  how  much  benefit  is  derived  from  the 
plant.   Examples  of  this  category  include  the  plant's  rated 
capacity,  its  capacity  factor,  and  its  useful  life. 
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2.  Capital  Additions:   The  total  cost  of  almost  any  power 
plant  rises  over  time,  as  additional  investments  are 
required  to  keep  it  operating  efficiently.   In  the  case  of 
nuclear  plants,  and  especially  Pilgrim,  the  "capital 
additions"  have  been  considerable.   BECO's  total  investment 
in  Pilgrim  was  $239  million  at  the  end  of  1973,  but  it  had 
grown  to  $696  million  at  the  end  of  1986. 

3.  Non-fuel  Operating  and  Maintenance  Expenses:   These  are 
the  direct  costs  of  running  the  plant,  such  as  salaries  for 
plant  operators,  outside  services,  and  the  costs  of  routine 
replacement  materials  (e.g.,  filters  and  lubricants).   The 
O&M  costs  are  reported  by  the  operators  of  each  US  nuclear 
power  plant  to  the  FERC,  and  are  distinct  from  the  capital 
additions. 

4.  Fuel:   This  is  broken  out  of  the  other  O&M  costs  for  two 
reasons.   First,  nuclear  fuel  costs  have  been  quite  steady 
in  recent  years,  while  the  other  O&M  costs  have  been  rising 
rapidly,  suggesting  that  different  projection  techniques 
may  be  appropriate  for  the  two  costs.   Second,  fuel  costs 
vary  with  the  level  of  plant  output,  while  the  other  O&M 
costs  increase  little  (if  at  all)  as  plant  operation 
increases . 

5.  Rated  Capacity:   As  for  most  products,  the  capacities  of 
nuclear  power  plants  are  rated  in  different  ways  for 
different  purposes,  complicating  comparisons  between 
plants.   Pilgrim  has  in  the  past  been  accredited  by  NEPOOL 
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as  having  a  net  capacity  (that  is,  in  addition  to  the  power 
used  in  the  plant  itself)  of  670  MW.   We  use  this  figure 
wherever  possible,  but  we  must  sometimes  convert  data  from 
capacities  stated  in  different  terms.   BECO  has  sold  off 
25%  of  the  plant's  capacity  in  life-of-unit  contracts, 
leaving  it  with  an  entitlement  of  498  MW. 

6.  Capacity  Factor:   The  capacity  factor  of  a  power  plant  is 
the  plant's  actual  output  (in  megawatthours)  in  some  time 
period,  divided  by  its  total  potential  output  (the  rated 
capacity  times  the  number  in  that  period) .   Pilgrim's 
capacity  factor  is  very  important  in  determining  its  value 
in  displacing  BECO's  oil-fired  generation  and  purchases  - 
from  other  utilities.   The  higher  the  capacity  factor,  the 
more  economical  Pilgrim  will  be. 

7.  Useful  Life:   The  longer  Pilgrim  remains  in  operation 
following  its  current  outage,  the  more  economical  it  will 
be.   If  Pilgrim  is  retired  after  only  a  few  years  of 
further  operation,  there  will  be  fewer  years  to  recover  the 
costs  sunk  through  1986,  the  capital  additions  from  this 
outage  and  future  additions,  and  the  costs  of 
decommissioning.   Pilgrim  would  also  be  available  (if  at 
all)  only  in  the  period  when  oil  prices  are  expected  to  be 
low,  and  would  not  be  in  operation  when  its  energy 
production  would  be  most  valuable. 

8.  Decommissioning  Expense:   After  Pilgrim  is  retired 
(whether  that  is  in  1987  or  in  2008) ,  BECO  will  have  to  pay 
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the  costs  of  decontaminating  and  disassembling  the  plant. 
Those  costs  are  currently  being  collected  from  ratepayers, 
so  that  the  collections  plus  interest  will  equal  the 
expected  cost  of  decommissioning  in  2008.   The  higher  the 
final  cost  of  decommissioning ,  and  the  shorter  the 
operating  life  of  Pilgrim,  the  higher  the  required 
contribution  in  each  year. 

9.   Property  Tax:   The  property  taxes  BECO  pays  to  Plymouth 
are  largely  determined  by  the  net  depreciated  cost  of  the 
plant. 

10.  Overheads:   In  addition  to  the  O&M  costs  reported  as 
station  O&M,  utilities  have  expenses  related  to  the 
ownership  of  nuclear  plants  which  are  not  usually  assigned 
to  the  plant  accounts.   These  expenses  include  employee 
benefits  (such  as  pensions) ,  employment  taxes,  insurance, 
legal  fees,  and  regulatory  expenses.   We  have  estimated 
these  costs  (as  a  fraction  of  station  O&M)  from  the  FERC 
reports  of  the  Yankee  companies  (which  have  no  non-nuclear 
operations) ,  and  applied  that  percentage  to  Pilgrim. 

11.  Replacement  energy  costs:   If  Pilgrim  does  not  operate, 
its  energy  production  must  be  replaced  by  additional 
operation  of  BECO's  oil-fired  plants,  purchases  of  power 
from  other  utilities  or  independent  producers,  or  a 
conservation  program.   We  have  used  replacement  power 
projections  based  on  BECO's  estimates  for  its  small  power 
producer  rate  filing,  and  an  alternative  estimate  based  on 
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the  cost  of  operating  the  New  Boston  oil-fired  plant. 
Which  of  these  projections  turns  out  to  be  more  realistic 
will  depend  on  the  scope  of  BECO's  conservation  programs 
and  of  its  purchases  from  small  power  producers.   We  have 
run  our  projection  for  low,  medium,  and  high  oil  prices 
from  DRI  (BECO's  preferred  source  for  oil-price 
projections) . 

12.  Replacement  capacity  costs:   In  addition  to  replacing 
Pilgrim's  energy  kWh's  produced  at  any  time,  BECO  may  also 
have  to  acquire  additional  capacity  (the  ability  to  serve 
kilowatts  of  instantaneous  load)  to  meet  its  obligations  to 
NEPOOL.   We  estimated  BECO's  capacity  needs  under  its  load 
forecast,  and  with  various  levels  of  additional 
conservation  investment.   We  have  used  BECO's  assumptions 
regarding  the  cost  of  replacement  capacity. 

13.  Discount  rates:   In  order  to  compare  costs  over  time,  it 
is  necessary  to  discount  the  value  of  later  costs,  to 
reflect  the  fact  that  a  dollar  now  is  worth  more  than  a 
dollar  in  5  or  10  years.   We  use  the  traditional  utility 
approach  of  discounting  at  BECO's  cost  of  capital,  and  also 
use  higher  discount  rates  to  reflect  consumer  preferences. 
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3.2   Sources  of  the  Parameter  Values 


We  have  determined  the  used-and-useful  portion  of  Pilgrim 
investment  to  date,  under  various  combinations  of  assumptions. 
For  most  cost  inputs,  ve  defined  three  values: 

Historic  values,  which  reflect  the  prior  experience  of 
Pilgrim,  where  available,  or  of  the  industry, 

Optimistic  values,  which  assume  that  Pilgrim's  performance 
rises  to  some  of  the  best  experience  in  the  industry,  and 

Improved  values,  which  assume  that  Pilgrim  will  show 
results  which  are  better  than  indicated  by  the  historical 
record,  but  not  as  good  as  the  best  possible  performance. 

For  replacement  cost  inputs,  we  calculated  values  which  were 
Favorable  to  Pilgrim,  Unfavorable  to  Pilgrim,  and  Intermediate 
values. 

The  Optimistic  inputs  for  the  most  important  cost  parameters 
(capacity  factor,  O&M,  and  capital  additions)  are  based  on  the 
experience  of  Vermont  Yankee.   We  use  Vermont  Yankee  as  a  model 
for  this  purpose  because  (1)  it  is  a  quite  successful  nuclear 
plant  similar  to  Pilgrim  in  design  and  size,  and  (2)  it  has  been 
suggested  that  the  Yankee  Atomic  organization4  may  eventually 


4.  Even  though  Yankee  Atomic  does  not  operate  any  of  the  Yankee 
plants  other  than  Yankee  Rowe,  it  is  often  given  credit  for 


-  14  - 


assume  responsibility  for  operation  of  Pilgrim.   Where  no  Vermont 
Yankee  experience  is  available,  as  for  decommissioning  and 
remaining  plant  life,  the  Optimistic  projections  are  based  on 
BECO  projections. 

Historic  inputs  are  generally  based  on  Pilgrim's  own  historical 
experience.   Where  no  Pilgrim  data  is  available,  as  for 
decommissioning  costs  or  for  operating  lifetime,  we  based  the 
Historic  projection  on  industry-wide  data,  or  other  independent 
data.   It  is  significant  that  the  Historic  cases  generally  do  not 
represent  a  deterioration  from  historical  experience:   the 
Historic  assumptions  are  far  from  worst-case  scenarios.   In 
general,  the  continuation  of  Historic  conditions  would  ensure 
none  of  the  existing  Pilgrim  investment  would  be  used-and-useful , 
and  would  make  the  restart  of  Pilgrim  highly  uneconomic.   Hence, 
it  was  unnecessary  to  examine  the  possibility  of  future  results 
which  are  worse  than  past  results,  although  this  possibility 
certainly  exists.   The  projections  which  deviate  from  historical 
results  will  all  assume  some  improvement  at  Pilgrim. 

The  Improved  projections  are  either  taken  from  industry 
experience  (where  this  is  significantly  better  than  the  Pilgrim 
data) ,  or  are  simply  averages  of  the  corresponding  Optimistic  and 
Historic  projections.   The  national  experience  used  in  these 
calculations  generally  includes  all  U.S.  nuclear  plants,  adjusted 
for  size,  location,  and  similar  characteristics.   For  capacity 


the  superior  performance  of  the  other  plants:   since  Yankee 
provides  consulting  services  to  the  Vermont  and  Maine  plants, 
this  explanation  is  plausible. 
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factors,  the  national  experience  is  drawn  from  boiling  water 
reactors  (BWRs) ,  the  technology  which  includes  Pilgrim. 

For  the  Favorable  (high)  replacement  power  cost,  we  used  DRI's 
high  oil  price  projection  and  BECO's  load  forecast.   For  the 
Unfavorable  replacement  power  cost  cases,  we  used  the  DRI  low  oil 
price  projection  and  BECO's  load  forecast,  adjusted  for  a 
conservation  program  comparable  to  that  suggested  by  the  recent 
Review  Panel  report.   Intermediate  replacement  power  costs  are 
based  on  DRI  Reference  oil  prices  and  a  conservation  program  only 
half  as  aggressive  as  that  of  the  Review  Panel. 

All  analyses  of  historical  data  are  conducted  in  constant 
dollars,  to  eliminate  the  effects  of  past  inflation.   Costs  are 
projected  into  the  future  at  the  inflation  rates  projected  by 
BECO.   All  costs  are  computed  for  the  entire  Pilgrim  plant,  and  a 
75%  share  of  the  totals  are  allocated  to  BECO.   The  benefits  are 
calculated  directly  for  the  BECO  share  of  the  plant. 

This  section  will  include  a  run  representing  a  best  case  for 
justifying  continued  operation  of  Pilgrim  (all  inputs  Optimistic 
or  Favorable) ,  a  run  assuming  no  improvements  and  low  oil  prices 
(all  Historic  and  Unfavorable  inputs) ,  a  run  with  all  inputs  at 
their  Intermediate  or  Improved  values,  and  other  runs  varying  the 
most  sensitive  factors.   Finally,  we  present  a  "Base  Case" 
analysis,  which  reflects  our  best  estimate  of  the  cost- 
effectiveness  of  Pilgrim:   this  case  includes  Historic  costs 
(with  32  year  useful  life) ,  Favorable  load  levels,  and 
intermediate  oil  prices. 
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The  sources  of  each  of  the  parameters  are  as  follows: 

1.  Capacity  Factors 

Optimistic:   Vermont  Yankee  mature  capacity  factor, 
from  its  fifth  year  (starting  January  1978)  to 
October  1986  (the  most  recent  data  available  from  the 
NRC)  . 

Improved:   The  projection  for  a  unit  of  Pilgrim  size 
and  age,  from  a  regression  on  national  BWR  capacity 
factors  through  1984,  plus  additional  improvement 
from  the  industry-wide  decline  in  post-79  capacity 
factors. 

-  Historic:   Pilgrim  mature  capacity  factor,  from 
January  1978  to  October  1986. 

2.  O&M 

Optimistic:   Continuation  of  Vermont  Yankee 
historical  straight-line  trend,  scaled  up  for  the 
difference  in  the  units*'  sizes. 

-  Improved:   Average  of  Optimistic  and  Historic. 

-  Historic:   Continuation  of  Pilgrim  historical 
straight-line  trend.   National  regression  trends  are 
very  close  to  the  Pilgrim  data. 


3.   Capital  Additions 
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Optimistic:   Average  Vermont  Yankee  additions 
1980-85,  in  $/kW. 

Improved:   Regression  results  based  on  national  data, 
evaluated  for  Pilgrim  characteristics,  and  1980s 
conditions. 

-  Historic:   Pilgrim  average  1980-1986. 


4.   Decommissioning  Costs 

Optimistic:   BECO  assumptions. 

Improved:   Average  of  Optimistic  and  Historic. 

-  Historic:   BECO  assumptions  doubled  for  shorter 
useful  life  and  doubled  again  for  higher  cost  of 
decommissioning  (both  based  on  historical  industry 
data) . 


5.   Useful  Plant  Life 

« 

-  Optimistic:   BECO  assumption  of  retirement  in  2008 

(36  year  useful  life,  21  years  left) . 

-  Improved:   Average  of  Optimistic  and  Historic 
(retirement  in  2004,  32  year  useful  life,  17  years 
left) . 

-  Historic:   Median  life  of  early  1960s  units  (25 
years,  retirement  in  1997,  10  years  remaining). 
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6 .   Overheads 


All  cases:   Assume  that  ratio  of  overheads  to  station 
O&N  is  the  same  for  Pilgrim  as  the  average  of  the 
four  Yankee  plants  in  1984-85. 


7.   Oil  Prices 

Favorable:   DRI  high  winter  1986/87  oil  prices. 

Intermediate:   DRI  reference  winter  1986/87  oil 
prices. 

-  Unfavorable:   DRI  low  winter  1986/87  oil  prices. 


8.   Replacement  Energy  Source 

Favorable:   BECO  avoided  cost  from  its  RFP  for  small 
power  and  cogeneration. 

-  Intermediate:  Average  of  Favorable  and  Unfavorable. 

-  Unfavorable:   New  Boston  is  replacement  energy 
source . 


9.   Discount  rates 

Favorable:   BECO  after-tax  cost  of  capital,  10.34% 
Intermediate:   15%. 
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-  Unfavorable:   20%. 

After  the  Optimistic,  Improved,  and  Historic  parameter  values 
were  derived,  BECO  provided  its  current  projection  of  Pilgrim 
costs.   This  projection  included: 

1.  Capacity  factor  of  70%,  slightly  higher  than  our  Optimistic 
case. 

2.  Capital  additions  averaging  $50  million/year  for  1988-1990, 
and  $40  million/year  in  1991  dollars  for  1991-2007,  falling 
24%  annually  for  2008-2012. 

3.  O&M  starting  at  $99  million  in  1988,  rising  at  an  average 
rate  of  3%  above  inflation  to  1991,  and  remaining  constant 
(in  real  terms)  thereafter.   This  forecast  starts  slightly 
higher  than  our  Historic  projection,  but  falls  below  the 
Historic  projection  in  1993  and  below  the  Optimistic 
projection  in  1996. 

4.  A  useful  life  of  40  years,  through  2012,  longer  than  our 
Optimistic  case. 

5.  Decommissioning  charges  of  $4.2  million/year,  lower  than 
the  Optimistic  case.   The  lower  annual  decommissioning 
charges  are  due  to  the  longer  useful  life  assumed. 

6.  Overhead  costs  (counting  only  insurance)  of  $4.5  million  in 
1988,  rising  at  the  rate  of  inflation:   this  is  much 
smaller  than  our  projection  of  27%  of  station  O&M,  even 
using  BECO's  O&M  projections. 
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We  used  these  BECO  projections  in  certain  of  the  cost- 
effectiveness  runs. 


3.3   Estimates  of  the  Useful  Portion  of  Pilgrim  Investment 


In  order  to  determine  whether  the  entire  investment  in  a  power 
plant  is  economically  useful,  in  the  sense  the  DPU  has  used  that 
term,  we  must  compare  the  cumulative  net  present  value  of  the 
revenue  requirements  (CNPVRR)  from  the  plant  with  the  CNPVRR  of 
alternatives.   Tables  3.1  -  3.7  show  such  comparisons,  for 
various  assumptions  regarding  Pilgrim  cost  projections  and 
replacement  power  cost  projections.   The  format  of  these  analyses 
is  taken  from  BECO's  analysis  in  Appendix  1.   The  first  14  lines 
of  each  table  provide  data  on  capital  cost  recovery,  for  the 
entire  plant.   Lines  14A  through  22  display  the  various  Pilgrim 
cost  components,  for  BECO's  share,  which  is  totaled  in  line  23. 
Line  26  computes  the  replacement  energy  cost,  while  line  27 
provides  the  replacement  capacity  cost.   The  net  cost  is  shown  on 
line  28:   negative  numbers  represent  savings  due  to  Pilgrim 
operation.   The  last  three  columns  of  lines  15-23  and  26-28  show 
the  present  values  of  the  cash  flows  at  discount  rates  of  10.34% 
(BECO's  cost  of  capital  in  85-271),  15%,  and  20%.   For  each 
discount  rate,  line  29  computes  the  ratio  of  the  present  value  of 
net  cost  (if  that  is  positive)  to  the  present  value  of  the 
capital  cost  recovery  items  (lines  15,  16,  17,  and  20),  to 
determine  what  percentage  of  BECO's  existing  and  future  capital 
costs  would  be  written  off  under  the  used-and-useful  rule. 
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Figures  on  line  29  of  more  than  100%  indicate  that  all  current 
investment  and  all  capital  additions  would  be  written  off. 

Table  3.1  presents  the  case  of  all  Historic  and  Unfavorable 
inputs  to  the  analysis:   continuation  of  Pilgrim's  experience  in 
capacity  factor,  O&M,  and  capital  additions,  low  oil  prices, 
ample  power  supplies,  a  short  Pilgrim  life,  and  high 
decommissioning  costs.   Pilgrim  is  a  net  loser  for  ratepayers  by 
$1.0  billion  to  $1.6  billion:   that  loss  is  1.75  times  as  much  as 
the  cost  recovery  on  investment  (both  sunk  and  future  capital 
additions) .   If  Pilgrim's  experience  continues  and  replacement 
power  is  not  much  more  expensive  than  currently  expected,  the 
used-and-useful  rule  would  require  the  write-off  of  all  Pilgrim 
investment  to  date,  and  all  future  capital  additions. 

While  it  was  not  constructed  to  determine  the  cost-effectiveness 
of  restarting  Pilgrim,  Table  3.1  can  be  used  for  that  purpose. 
If  the  net  cost,  minus  the  unavoidable  costs  (such  as 
decommissioning  and  recovery  of  sunk  costs) ,  is  still  positive, 
restart  would  be  more  expensive  than  abandonment.   Table  A4-C 
calculates  the  present  value  of  the  capital  recovery  of  Pilgrim's 
sunk  costs  for  the  1997  retirement  date  assumed  in  Table  3.1. 
Depending  on  the  discount  rate,  the  capital  recovery  costs  $0.3 
to  $0.5  billion.   From  line  21  of  Table  3.1,  the  present  value  of 
decommissioning  is  about  $0.1  billion.   Thus,  adjusted  for  the 
unavoidable  costs,  the  net  cost  of  returning  Pilgrim  to  service 


-  22  - 


is  $0.6  to  $1.0  billion.5  Pilgrim  should  be  abandoned 
immediately  if  the  projections  in  Table  3.1  are  correct. 

Table  3.2  displays  the  result  of  using  all  of  our  Improved  and 
Intermediate  inputs  in  the  analysis.   Pilgrim  is  still  a  net 
loser,  costing  ratepayers  $0.6  to  $1.0  billion,  which  is  just 
about  the  value  of  the  capital  recovery  costs.   Again,  all 
current  and  future  Pilgrim  investment  would  be  written  off. 
Since  much  of  the  future  capital  cost  recovery  costs  are  due  to 
capital  additions  which  are  still  avoidable,  it  would  be  less 
expensive  to  abandon  Pilgrim  than  to  return  it  to  service,  under 
this  scenario. 

Table  3.3  calculates  the  useful  portion  of  Pilgrim  using  all 
Optimistic  and  Favorable  inputs.   Due  to  the  high  prices  of  oil 
assumed  in  the  avoided  cost  analysis,  Pilgrim  is  a  net  winner  by 
$0.5  to  $1.5  billion.   However,  these  high  oil  prices  are 
extremely  unlikely  to  represent  long-run  avoided  costs,  since 
such  a  large  amount  of  conservation,  QF  capacity,  Canadian 
purchases,  and  utility-owned  coal  capacity  would  be  economical  at 
these  prices.6 


5.  In  addition,  some  of  the  O&M  costs  in  the  next  few  years  may 
be  unavoidable.   Most  of  these  costs  should  probably  be 
credited  to  decommissioning,  so  the  net  effect  is  likely  to  be 
quite  small. 

6.  The  fact  that  BECO  received  2053  MW  of  bids  at  prices  below 
its  avoided  costs  estimates  indicates  that  even  the 
intermediate  replacement  cost  projection  (which  is  based  on 
those  same  estimates)  may  be  overstated. 
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Table  3.4  uses  the  inputs  provided  by  BECO  in  Exhibit  2  of 
Appendix  1.   On  the  cost  side,  this  case  is  similar  to  the 
Optimistic  case,  with  still  more  optimistic  capacity  factor, 
decommissioning,  O&M  and  overheads,  but  less  optimistic  capital 
additions.   The  replacement  power  costs  also  use  BECO's 
projections,  including  the  Favorable  replacement  capacity  and 
energy  sources,  with  Intermediate  oil  prices.   At  BECO's  cost  of 
capital,  Pilgrim  is  barely  cost  effective:   this  result  would 
reverse  if  the  unit  were  retired  a  couple  of  years  earlier  or  if 
the  capacity  factor  were  just  3  points  lower.   At  any  higher 
discount  rate,  Pilgrim  is  not  cost-effective.   Depending  on  the 
discount  rate,  up  to  39%  of  current  and  future  investment  could 

m 

be  written  off.7 

Table  3.5  uses  all  Optimistic  inputs  as  in  Table  3.3,  except  for 
replacement  power  costs,  which  are  the  most  important  (and  one  of 
the  least  realistic)  factors  in  making  Pilgrim  cost-effective. 
Instead  of  using  the  Favorable  oil  prices,  Case  5  uses  the 
Intermediate  prices  from  Table  3.4.   With  these  lower  replacement 
power  costs,  Pilgrim  is  not  cost-effective;  it  costs  about  $0.2 
billion  more  than  it  is  worth,  or  2*2%-53%  of  the  capital  recovery 
cost.   Under  the  used-and-useful  rule,  30%-70%  of  the  investment 
at  the  end  of  1987  would  be  written  off.   Assumed  replacement 


7.  This  is  equivalent  to  writing  off  about  65%  of  the  current 
investment . 
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energy  prices  are  clearly  a  very  important  determinant  of  Pilgrim 
cost-effectiveness . 8 

Table  3.6  also  differs  only  slightly  from  Table  3.3.   In  Case  6, 
the  supply  is  changed  to  the  Unfavorable  case  (lots  of  capacity 
is  available,  including  base-load  oil) ,  but  the  oil  price  is  left 
at  the  Favorable  (high)  level.   Pilgrim  remains  cost-effective  at 
BECO's  cost  of  capital,  but  the  margin  of  net  savings  is  reduced 
dramatically.   At  higher  discount  rates,  Pilgrim's  costs  are 
essentially  equal  to  its  savings.   Pilgrim  economics  are  less 
sensitive  to  BECO's  supply  situation  (a  function  of  load  growth, 
conservation  program  effectiveness,  QF  development,  and  other 
factors)  than  to  oil  prices. 

Table  3.7  takes  another  look  at  the  sensitivity  of  the  results  to 
oil  prices,  this  time  by  using  the  Historic  inputs,  as  in  Case  1, 
except  for  a  longer  useful  life,  and  increasing  the  replacement 
power  costs  to  the  Intermediate  level.   This  is  a  realistic 
projection  of  past  cost  trends,  with  a  somewhat  more  optimistic 
view  of  Pilgrim's  likely  longevity.  The  replace  power  costs 
assume  a  rather  modest  conservation  program  and  currently 
projected  oil  prices.  Under  these  circumstances,  Pilgrim  would 
have  a  net  cost  of  $0.9  to  $1.7  billion,  well  over  100%  of  total 
capital  recovery,  and  roughly  three  times  the  sunk  costs. 
Pilgrim  would  not  reduce  BECO's  total  costs  in  even  a  single 


8.  At  high  oil  prices,  much  larger  amounts  of  QFs,  conservation, 
Canadian  purchases,  and  utility-owned  coal  would  be  cost- 
effective,  and  these  would  be  the  real  alternatives  to 
returning  Pilgrim  to  service. 
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year.   Table  3.8  may  be  viewed  as  a  base  case,  representing  a 
reasonable  expectation  of  future  conditions,  barring  major 
changes  in  the  economic  environment  (such  as  relaxation  of  NRC 
standards,  vigorous  conservation  programs,  or  another  oil  price 
shock  or  collapse) . 
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4  Analyses  of  Historical  Data 

This  section  explains  how  we  derived  the  costs  and  other  Pilgrim 
operating  parameters.   The  next  section  will  explain  the 
derivation  of  replacement  power  costs,  which  are  the  major  non- 
Pilgrim  parameters  required  in  the  analysis. 

Some  of  the  cost  input  parameters  were  taken  directly  from  BECO 
sources,  and  are  therefore  not  derived  in  this  section.  These 
include: 

Pilgrim  capacity:   We  used  the  NEPOOL  rating  of  670  MW. 

Pilgrim  fuel  costs:  We  adopted  the  projection  in  BECO's 
2/86  forecast  filing  with  the  EFSC,  and  the  more  detailed 
projection  in  the  Gust in  letter  (Appendix  1) . 


4.1  Capacity  Factors 


We  defined  the  Historic  case  as  a  continuation  of  Pilgrim's  own 
historical  performance.  This  is  hardly  a  worst-case  projection, 
and  it  is  difficult  to  define  a  meaningful  lower  limit  on 
Pilgrim's  potential  future  energy  production.   Since  power  plants 
in  general,  and  nuclear  plants  in  particular,  usually  undergo  a 
breaking-in  process,  we  used  only  Pilgrim's  mature  performance 
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history,  which  we  defined  as  starting  on  January  1,  1978,  when 
the  unit  had  been  in  operation  for  just  over  five  years.   This 
calculation,  shown  in  Table  4.1.1,  produces  an  average  mature 
capacity  factor  of  54%,  as  of  the  latest  available  NRC  Operating 
Reactors  report  (data  through  10/86) .   This  average  will  fall 
further  before  the  plant  resumes  operation:   as  of  the  end  of 
June  1987,  it  would  be  50%,  and  at  the  end  of  1987  it  would  be 
47.6%,  assuming  Pilgrim  remains  out  of  service. 

For  the  Optimistic  case,  we  repeated  the  mature  capacity  factor 
calculation  for  Vermont  Yankee.   We  again  used  the  NEPOOL  rated 
capacity  of  528  MW,  which  is  somewhat  conservatively  stated: 
Vermont  Yankee  is  capable  of  producing  more  than  528  MW  under 
Optimistic  circumstances,  such  as  in  cold  weather.   Since  the 
capacity  is  understated,  the  capacity  factor  is  correspondingly 
overstated.   With  this  statistical  advantage,  and  generally  good 
performance,  Vermont  Yankee  has  averaged  over  68%  mature  capacity 
factor,  as  shown  in  Table  4.1.1. 

The  Improved  capacity  factor  projection  was  taken  from  our  latest 
regressions  on  BWR  capacity  factors.   These  regressions,  which 
only  include  data  through  1984  (1985  data  is  now  available,  and 
1986  data  will  be  available  around  August  1987) ,  are  shown  in 
Table  4.1.2.   These  are  the  best-fit  equations  for  capacity 
factor  as  a  function  of  unit  size,  age,  and  other  factors.   Table 
4.1.3  calculates  the  results  of  applying  the  regressions  to 
Pilgrim.   The  first  line  shows  the  expected  capacity  factor  in 
years  without  a  refueling  outage,  while  the  second  line  shows  the 
results  with  a  refueling.   The  third  line  computes  an  average 
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capacity  factor,  assuming  that  Pilgrim  refuels  in  two  years  out 
of  three,  which  is  the  refueling  pattern  generally  assumed  for 
BWRs.   "he  right-hand  column  computes  the  average  of  the  two  more 
Optimistic  cases,  which  omit  the  data  from  the  worst  accident  at 
a  US  BWR,  the  cable  fire  at  Brown's  Ferry.   The  resulting 
industry-wide  average  is  54%. 

The  capacity  factor  projection  based  on  a  regression  of  industry- 
wide data  closely  resembles  the  projection  calculated  from  the 
historical  experience  of  Pilgrim.   Therefore,  our  Improved 
capacity  factor  projection  assumes  Pilgrim  will  partially  recover 
from  the  decline  in  performance  displayed  by  the  capacity  factors 
of  nuclear  plants  following  1979.   The  coefficient  for  Post-79, 
performance  in  Table  4.1.2  shows  that  capacity  factors  dropped 
almost  12%  after  1979.   We  have  added  two-thirds  of  12%,  or  eight 
percentage  points,  to  the  projection  based  on  industry-wide  data. 
The  resulting  Improved  capacity  factor  is  62%. 


4.2   Non-Fuel  Station  O&N 


We  based  all  of  our  analyses  on  non-fuel  O&M  data  as  reported  for 
each  nuclear  plant  by  the  operating  utility  to  the  FERC  in  its 
Annual  Report  (FERC  Form  1) .9  This  data  shows  a  strong  upward 


9.  Not  all  the  expenses  related  to  owning  and  operating  the  plant 
are  included  in  this  category.   For  example,  pensions, 
employment  taxes,  and  other  employee  benefits  are  not 
allocated  to  the  plant,  even  though  the  direct  labor  expenses 
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trend,  even  after  adjustments  for  inflation.   Hence,  we  estimated 
the  trend  in  O&M  expenses,  rather  than  a  simple  historical 
average. 

Table  4.2.1  displays  the  historical  O&M  experience  of  Vermont 
Yankee,  and  the  results  of  extrapolating  that  experience  and 
adjusting  it  to  Pilgrim  characteristics.   The  projections  in 
Column  2  assume  that  annual  O&M  expense  increases  at  the 
increment  projected  by  the  regression,  also  shown  in  Table  4.2.1. 
Column  3  of  Table  4.2.1  adjusts  the  linear  projections  to  reflect 
the  larger  size  of  the  Pilgrim  plant,  and  is  then  reduced  to  7  5% 
of  the  total,  which  is  Boston  Edison's  share  of  Pilgrim.   This 
projection,  inflated  to  nominal  dollars  in  Column  4,  is  used  as 
our  Optimistic  case  of  O&M. 

Table  4.2.2  presents  the  results  of  three  regressions  on  O&M  data 
for  all  light  water  reactors  in  the  nation,  a  total  of  535 
observations.   All  costs  are  stated  in  1983  dollars  and  deflated 
at  the  GNP  deflator.   The  equations  in  this  table  indicate  that 
real  O&M  costs  for  all  plants  have  increased  at  about  12% 
annually,10  and  that  the  economies-of-scale  factor  (the 
coefficient  of  ln(MW/unit)  for  nuclear  O&M  is  about  .5.   Doubling 


are  treated  by  plant.   In  addition,  legal,  regulatory,  public 
relations,  and  similar  home-office  functions  are  excluded  from 
station  O&M.   We  captured  these  other  O&M  expenses  in  the 
Overhead  category. 

10.  The  base  of  the  natural  log,  e,  raised  to  the  coefficient 
YEAR,  e(.ll)  equals  1.12. 
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the  size  of  a  plant  (in  Equation  1)  or  of  a  unit  (in  Equations  2 
and  3)  increases  the  O&M  cost  by  about  40%. 11 

Equation  1  indicates  that,  once  plant  size  has  been  accounted 
for,  the  number  of  units  is  inconsequential,  and  the  effect  on 
O&M  expense  is  statistically  insignificant.   Equation  2  measures 
size  as  MW  per  unit,  and  finds  that  the  effect  of  adding  a  second 
identical  unit  is  about  the  same  as  the  effect  of  doubling  the 
size  of  the  first  unit.   Equation  3  tests  for  extra  costs  in  the 
Northeast,  which  are  commonly  found  in  studies  of  nuclear  plant 
construction  and  operating  costs,  but  is  otherwise  identical  to 
Equation  2.   Indeed,  there  is  a  highly  significant  differential: 
Northeast  plants  cost  32%  more  to  operate  than  other  plants 
(using  the  definition  of  North  Atlantic  from  the  Handy-Whitman 
index) .   We  use  this  equation  as  the  basis  for  our  Improved  O&M 
projection. 

Projections  based  on  Equation  3  can  be  seen  in  Table  4.2.3. 
Column  1  increases  at  a  real  geometric  growth  rate,  and  column  4 
grows  at  the  increment  between  1988  and  1987.   Column  5  inflates 
the  linear  projections  to  nominal  dollars,  and  column  6  is  BECO's 
percentage  of  the  total  O&M  expense. 

The  linear  projections  of  O&M  based  on  historical  data  for  all 
national  plants  are  quite  similar  to  those  based  on  the 
historical  experience  of  Pilgrim  (Table  4.2.4).   Either  of  these 


11.  In  Equation  2,  the  base  of  the  natural  log,  e,  raised  to 
.53*ln(MW/unit)  equals  (MW/unit) A . 53 .   If  we  double  the  MW 
size  of  one  unit,  the  result  changes  by  a  factor  of  2A.53  = 
1.44. 
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projections  could  be  used  as  the  Historic  calculation  of  Pilgrim 
O&M  costs:   we  used  Pilgrim  O&M  costs,  the  more  conservative 
estimates. 

Table  4.2.5  summarizes  the  three  methods  of  calculation  of  O&M, 
in  real  and  nominal  dollars.   The  Improved  projection  is  the 
average  of  the  calculations  of  O&M  based  on  Pilgrim  and  Vermont 
Yankee  historical  experience. 


4.3   Capital  Additions 


We  compiled  net  annual  capital  additions  for  all  nuclear  power 
plants  reporting  total  cost  data  on  the  FERC  Form  1  and  DOE 
compilations  of  FERC  Form  1  data,  through  1984. 12   Each  plant  is 
included  for  all  years  in  which  no  units  were  added  or  deleted, 
and  for  which  the  data  were  not  clearly  in  error.   The  available 
experience  totaled  520  plant-years  of  operation.   The  net  capital 
additions  are  defined  as  the  difference  in  plant  cost  between 
subsequent  years,  and  are  deflated  by  the  appropriate  regional 
Handy-Whitman  index  for  nuclear  construction,  which  itself  has 
increased  at  1.4%  above  the  GNP  inflation  rate.   The  July,  1984 
Handy-Whitman  index  was  estimated  by  escalating  the  July  1983 
index  at  the  growth  rate  of  the  January  index  from  1983  to  1984. 


12.  The  large  steam  plant  cost  data  is  reported  in  slightly 

different  formats  in  various  sources  and  for  various  years 
both  the  plant  cost  data  and  O&M  data  are  now  reported  on 
page  403  of  the  FERC  Form  1. 
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Net  capital  additions  vary  with  a  number  of  factors,  and  vary 
greatly  from  year  to  year,  complicating  statistical  analyses. 
Review  of  the  data  indicates  that: 

large  plants  have  lower  capital  additions  per  kilowatt-year 

than  do  small  plants, 

multi-unit  plants  have  lower  capital  additions  per 
kilowatt-year  than  do  single-unit  plants, 

-  Northeastern  plants  have  higher  capital  additions  than 
those  in  other  parts  of  the  country,  and 

capital  additions  per  kilowatt-year  have  generally  been 
rising  over  time,  despite  the  greater  prevalence  of  large 
and  multi-unit  plants  in  the  later  data. 

Table  4.3.1  shows  the  net  capital  additions  experience  for 
Pilgrim  and  Vermont  Yankee  from  commercial  operation  date  to  the 
present.   The  average  annual  net  capital  additions,  measured  in 
$/kw,  are  17.76  for  Vermont  Yankee,  and  a  much  higher  54.08  for 
Pilgrim.13   Each  of  these  averages  was  used  to  project  net 
capital  additions  for  the  remaining  life  of  Pilgrim  in  Table 
4.3.4. 

Table  4.3.2  presents  the  annual  average  net  capital  additions  per 
kilowatt  for  all  plants  for  each  year  since  1972.   Over  the  last 
seven  years,  the  average  for  all  plants  was  $27.7/kw-yr;  over  the 
last  five  years,  the  average  has  been  $32.3/kW-yr. 


13.  These  averages  are  based  on  the  MGN  ratings,  which  are  687  MW 
for  Pilgrim  and  563  for  Vermont  Yankee. 
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However,  the  average  capital  additions  per  kilowatt  for  all 
plants  are  likely  to  be  less  than  those  for  Pilgrim,  for  two 
reasons.   First,  Pilgrim  is  a  single  unit,  and  twin-  or  triple- 
unit  plants  usually  experience  lower  costs  per  kilowatt  than 
single  units.   Second,  Pilgrim  is  a  fairly  small  nuclear  unit  by 
current  standards,  and  costs  per  kilowatt  generally  decline 
substantially  with  unit  size.   Therefore,  Table  4.3.2  also 
displays  annual  capital  additions  for  single  units  between  3  00 
and  800  MW,  a  size  range  comparable  to  Pilgrim.   The  average  net 
capital  additions  per  kilowatt  for  these  plants  since  1978  is 
$43.6,  and  for  the  last  five  years  is  $53.14. 

Table  4.3.3  displays  the  results  of  performing  a  regression 
analysis  on  capital  additions  data.   The  regression  results  were 
used  to  project  capital  additions  for  a  plant  with  one  unit  of 
687  MW,  for  each  year  of  Pilgrim's  remaining  life.   The 
projection  shown  in  Table  4.3.3,  reduced  to  BECO's  share,  is 
quite  similar  to  the  projection  used  by  BECo,  displayed  in  Table 
4.3.4  and  in  Appendix  1. 

Table  4.3.4  summarizes  the  three  methods  of  projecting  capital 
additions  for  Pilgrim.   Vermont  Yankee  is  once  again  the 
Optimistic  case,  Pilgrim  the  Historic  case,  and  the  projection 
based  on  data  from  all  plants  is  the  Improved  case.   In  the  cases 
using  averages  from  Vermont  Yankee  and  Pilgrim  data,  the  average 
$/kW-yr  was  multiplied  by  75%  of  the  rated  capacity  of  Pilgrim 
(515  MW,  expressed  as  MGN  rating),  and  divided  by  1000  to  produce 
the  capital  additions  for  1983  in  millions  of  dollars.   The  cost 
in  1983  dollars  was  escalated  to  1988  dollars  by  the  actual 
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growth  in  the  GNP  deflator  from  1983-86,  and  at  an  annual  rate  of 
4.3%,  BECO's  assumed  inflation  rate,  thereafter.   The  Improved 
case  is  the  projection  based  on  a  regression  of  national  data, 
described  in  Table  4.3.3. 

Table  4.3.4  displays  net  capital  additions,  and  therefore 
understate  the  true  level  of  capital  additions.   The  net  capital 
additions  are  the  difference  between  the  gross  additions  (new 
equipment  installed  at  the  plant)  and  retirements  (existing 
equipment  removed  from  service) .   Someone  must  pay  for  both  the 
new  equipment  and  the  undepreciated  portion  of  the  investment  in 
the  old  equipment:   ratepayers  usually  pay  for  these  interim 
retirements  through  adjustments  to  depreciation  rates. 

To  get  a  rough  estimate  of  the  size  of  the  underestimation,  we 
compiled  the  nuclear  additions  and  retirements  data  for  BECO  and 
for  Western  Massachusetts  Electric  Company  (WMECO) ,  which  owns  a 
portion  of  the  Millstone  nuclear  units.14   Table  4.3.5  displays 
the  composition  of  the  net  additions  in  each  year.   While  the 
retirements  are  highly  variable  from  year  to  year,  they  appear  to 
represent  several  percent  of  the  net  capital  additions  in  normal 
years,  and  much  less  in  years  (such  as  Pilgrim  in  1984,  and 
presumably  in  1986  and  1987  as  well)  with  extraordinary 
additions.   It  is  clear  that  our  use  of  net  capital  additions 
introduces  some  optimism,  but  our  sample  is  too  limited  (and  the 


14.  The  WMECO  data  is  incomplete,  because  we  were  unable  to 

obtain  the  data  for  all  years,  and  because  the  1975  and  1986 
additions  include  the  additions  of  Millstone  2  and  3, 
respectively. 
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effect  is  apparently  too  small)  to  justify  any  explicit 
correction. 


4.4   Decommissioning  Costs 


BECO  projects  a  total  decommissioning  cost  for  Pilgrim  of  $121.7 
million  in  1985  dollars,  based  on  a  November  1985  update  of  a 
1983  study  by  Nuclear  Energy  Services.   Based  on  this  estimate, 
and  assuming  that  Pilgrim  would  operate  until  2008,  BECO 
determined  that  it  would  need  to  collect  from  its  retail 
ratepayers  $5.0  million  annually,  starting  in  1986  and  escalating 
with  inflation.   We  used  this  projection  as  our  Optimistic  case. 

The  1985  cost  estimate  update  was  30%  higher  than  the  1983 
estimate,  even  though  general  inflation  between  the  two  estimates 
was  only  about  4.3%.15   In  reviewing  this  estimate,  at  least  two 
questions  are  relevant:   is  the  1985  estimate  consistent  with 
estimates  for  other  nuclear  plants,  and  is  the  1985  increase  in 
the  cost  estimate  likely  to  be  the  last  such  increase? 

Table  4.4.1  lists  the  decommissioning  costs  estimated  on  behalf 
of  other  utilities  for  their  nuclear  units  by  TLG  Engineering 
personnel.16  The  Pilgrim  estimates  are  somewhat  lower  than  the 


15.  This  value  is  based  on  the  growth  in  the  Department  of 
Commerce  cost  index  for  non-residential  structures. 

16.  We  do  not  have  a  comparable  listing  for  Nuclear  Energy 
Service,  and  are  not  aware  of  any  other  decommissioning  cost 
estimates  prepared  by  that  firm. 
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1985  estimates  for  comparable-size  plants  in  Table  4.4.1,  even 
though  Northeastern  labor  costs  and  construction  costs  tend  to  be 
higher  than  they  are  elsewhere,  and  even  though  Pilgrim's 
radioactive  wastes  were  assumed  to  be  transported  to  the  Hanford 
reservation  in  Washington  state  for  disposal.   As  can  be  seen  in 
Table  4.4.1,  the  1986  estimate  for  a  slightly  smaller 
Northeastern  BWR  unit  (Nine  Mile  Point  1)  is  $212  million,  or  74% 
higher  than  BECO's  estimate. 

Just  as  importantly,  the  data  in  table  4.4.1  indicates  that 
decommissioning  cost  estimates  have  been  rising  rapidly  for  many 
years.   Table  4.4.2  displays  the  results  of  a  regression  analysis 
on  the  data  from  Table  4.4.1:   the  coefficient  of  the  YEAR 
variable  indicates  that  TLG  cost  estimates  have  been  increasing 
at  a  compound  growth  rate  of  19%  annually  in  real  terms.17   By 
comparison,  the  1983-85  increase  in  the  Pilgrim  estimate  was  a 
relatively  modest  11.7%  annually. 

To  display  the  general  trends  in  the  industry  estimates,  the  data 
from  Table  4.4.1  and  the  regression  results  from  Table  4.4.2 
(using  average  values  for  the  set  of  plants  estimated  in  each 
year)  are  graphed  in  Figure  4.4.1.   The  pattern  of  increases  in 
the  estimated  cost  of  decommissioning  raises  considerable 
question  about  the  validity  of  the  current  estimates. 


17.  See  Table  4.4.2  for  the  regression  specification  and  the 
derivation  of  the  19%  growth  rate.   All  of  the  coefficients 
are  highly  statistically  significant,  except  for  the  TWIN 
coefficient. 
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It  is  important  to  recall  that  there  is  little  direct  experience 
available  in  the  prompt  dismantling  (DECON)  process  for  nuclear 
power  plant  decommissioning,  which  BECO  (like  other  utilities) 
expects  to  use.   The  only  nuclear  power  plant  to  have  been 
DECONed  was  Elk  River,  which  was  decommissioned  in  1974. 18   As 
can  be  seen  in  Table  4.4.1,  estimated  DECON  costs  have  doubled  in 
real  terms  since  1975:   the  Elk  River  experience  is  clearly  out 
of  date. 

As  significant  as  the  lack  of  experience  is  the  apparent 
reluctance  of  utilities  to  undertake  the  DECON  process.   Table 
4.4.3  lists  retired  nuclear  power  plants,  with  their  dates  of 
operation.   Some  of  the  units  have  been  placed  in  a  "safe 
storage"  mode,  but  dismantlement  has  not  started  at  any  of 
them.19 

Of  course,  the  current  estimates  could  represent  the  final  set  of 
increases  in  decommissioning  cost  estimates,  and  actual 
decommissioning  costs  could  turn  out  to  be  similar  to  those 
estimates.   However,  experience  with  other  nuclear  power  costs 
suggests  that  the  industry  is  characterized  more  by  persistent 


18.  Portions  of  the  technology  have  been  demonstrated  in  various 
capital  additions,  such  as  the  replacement  of  steam 
generators . 

19.  Perhaps  the  best  example  of  this  reluctance  is  the  Department 
of  Energy's  decision  to  float  the  reactor  pressure  vessel  of 
the  retired  Shippingport  unit  on  a  barge,  down  the  Ohio  and 
Mississippi  Rivers;  through  the  Gulf  of  Mexico,  the  Caribbean 
and  the  Panama  Canal;  along  the  Pacific  Coast  to  the  Columbia 
River;  and  finally  up  the  Columbia  to  DOE's  Hanford 
Reservation.   The  vessel  will  then  be  buried  intact.   This 
procedure  does  not  appear  to  be  feasible  for  commercial-scale 
units. 
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cost  growth  than  by  cost  stability.   Virtually  all  nuclear  cost 
components  have  been  increasing  for  most  of  the  history  of  the 
commercial  nuclear  power  industry: 

-  The  estimated  and  actual  costs  of  constructing  nuclear 
power  plants  have  been  increasing  consistently  since  the 
late  1960s.   Typically,  cost  estimates  for  completed  plants 
have  increased  about  10%  annually  in  real  terms  (excluding 
inflation  due  to  schedule  slippage)  from  the  issuance  of 
the  construction  permit  to  commercial  operation. 

-  Nuclear  non-fuel  operating  and  maintenance  costs  have  been 
increasing  (and  exceeding  expectations)  since  the  early 
1970s.   Through  1984,  the  average  annual  rate  of  increase 
was  approximately  12-14%. 

Capital  additions  to  nuclear  power  plants  in  commercial 
operation,  generally  ignored  in  cost  projections  into  the 
early  1980s,  were  significant  cost  elements  in  the  1970s: 
since  the  Three  Mile  Island  accident  capital  additions  have 
increased  dramatically. 

These  patterns  of  cost  increases  are  documented  elsewhere  in  this 
report,  except  for  construction  cost  estimate  trends,  which  are 
discussed  in  the  testimony  of  Paul  Chernick  before  the  DPU  on 
Seabrook,  among  other  places. 

The  pattern  of  increases  in  decommissioning  cost  estimates, 
combined  with  the  persistent  increases  in  projected  and  actual 
costs  for  those  nuclear  cost  components  with  which  we  have 
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greater  experience,  strongly  suggests  that  decommissioning  costs 
will  exceed  current  estimates. 

Decommissioning  cost  estimates  have  increased  for  reasons  similar 
to  those  which  have  produced  large  and  persistent  increases  in 
other  nuclear  cost  components.   The  earlier  estimates  have  been 
determined  to  have  underestimated  the  complexity  (and  hence  the 
cost)  of  such  problems  as  disposal  of  radioactive  wastes,  and  the 
supervision  of  workers  in  radioactive  areas.   In  general,  the 
problems  with  estimates  of  other  nuclear  cost  components  can  be 
attributed  to  similar  underestimation  of  the  problems  inherent  in 
operations  as  complex  as  nuclear  power  production,  and  the 
failure  to  anticipate  the  costs  of  complying  with  nuclear  safety 
regulations. 

At  historical  rates  of  increase,  the  estimated  cost  of 
decommissioning  would  double  every  four  to  seven  years. 
Considering  that  the  Pilgrim  estimate  is  already  below  the 
estimates  for  comparable  plants,  it  is  hardly  pessimistic  to 
assume  for  the  Historic  case  that  the  real  cost  of 
decommissioning  will  be  double  that  projected  by  BECO.   In 
addition,  the  shorter  useful  life  in  the  Historic  case  (see 
below)  will  allow  about  half  as  long  as  BECO  is  projecting  for 
collection  of  the  decommissioning  cost,  requiring  twice  as  large 
an  annual  assessment  on  ratepayers  per  dollar  of  real 
decommissioning  cost.   Thus,  for  the  Historic  case  we  assumed 
that  the  annual  decommissioning  expense  charged  to  retail 
ratepayers  would  be  four  times  BHCO's  estimate,  or  $20  million. 
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The  Improved  case  was  set  as  the  average  of  the  Optimistic  and 
Historic  cases,  at  2.5  times  the  BECO  estimated  collection  rate, 
or  $12.5  million  annually. 

Table  4.4.4  summarizes  BECO's  share  of  the  three  decommissioning 
projections  described  above. 


4.5  Useful  Plant  Life 


BECO  estimates  that  Pilgrim  will  remain  in  service  until  the  year 
2008,  at  which  time  it  would  be  36  years  of  age.  We  used  this  as 
the  Optimistic  projection.  This  assumption  seems  to  have  been 
established  at  or  near  the  time  Pilgrim  entered  service,  based  on 
the  experience  of  fossil-fired  plants  at  that  time.   There  was 
then,  and  there  is  now,  very  little  experience  with  the  longevity 
of  nuclear  power  plants.   What  little  experience  is  available 
suggests  that  the  useful  lives  of  nuclear  units  may  be  much 
shorter  than  36  years. 

The  five  small  plants  which  entered  commercial  service  in  the 
early  1960s  would  be  20-26  years  old  today,  if  all  had 
survived. 2&  Of  this  cohort,  Indian  Point  1,  Humboldt  Bay,  and 
Dresden  1  have  been  retired  (formally  or  de  facto) ,  after  only 


20.  This  group  excludes  the  exotic  demonstration  reactors,  some 
of  which  used  liquid  metal  coolant,  organic  moderation,  and 
other  technologies  very  different  than  the  light  water 
reactors  which  have  prevailed  in  US  nuclear  power  plant 
design.  We  have  also  excluded  some  very,  small  demonstration 
reactors  which  operated  for  only  a  few  years. 
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12,  13,  and  18  years  of  operation,  respectively.   Only  Big  Rock 
Point  and  Yankee  Rowe  remain  from  that  cohort.   Even  the  older 
and  larger  of  the  survivors,  Yankee  Rowe,  has  been  in  service 
only  since  1961,  and  is  thus  only  25. 21 

The  first  units  of  more  than  300  MW  went  commercial  in  January 
1968:   they  have  just  reached  age  19.   The  only  clear  retirement 
among  this  group  is  Three  Mile  Island  2,  which  operated  for  only 
a  few  months  prior  to  its  accident.   Various  nuclear  units  which 
are  currently  on  protracted  shutdowns  due  to  safety  and  design 
problems  (such  as  Browns  Ferry)  may  never  reopen,  but  such  units 
may  be  shut  down  for  an  extended  period  before  it  becomes  clear 
that  they  have  reached  the  end  of  their  useful  lives. 

To  summarize,  BECO  is  projecting  that  Pilgrim  will  survive  almost 
twice  as  long  as  has  the  oldest  domestic  unit  over  300  MW,  and 
50%  longer  than  the  oldest  domestic  commercial  power  reactor  of 
any  size. 

Appendix  2  is  a  paper  by  Michael  B.  Meyer,  updating  the  analysis 
of  the  operating  life  of  nuclear  power  plants  contained  in  our 
earlier  report  to  the  NRC  (Chernick,  et  al. ,  1981) .   Depending  on 
the  data  set  utilized,  the  data  indicate  a  median  useful  life  for 
nuclear  power  plants  of  anywhere  from  20  to  35  years. 
Unfortunately,  the  data,  no  matter  how  defined,  are  quite  sparse. 

The  same  forces  which  resulted  in  the  early  retirement  of  older 
units  are  still  in  operation.   High  costs  of  O&M  and  necessary 


21.  It  is  also  only  a  175  MW  unit. 
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capital  additions,  mostly  driven  by  regulatory  considerations, 
were  responsible  for  the  retirement  of  most  of  the  small  pre-1965 
reactors  during  the  1970s.   O&M  expenses  have  continued  to  grow 
much  faster  than  inflation,  and  capital  additions  have  been  much 
higher  in  the  1980s  than  in  the  1970s. 

Pilgrim  and  other  medium-sized  nuclear  units  built  in  the  early 
1970s  have  been  less  sensitive  to  O&M  and  capital  additions  costs 
than  have  the  smaller  and  older  units.   Economies  of  scale  have 
made  these  units  more  economical  to  operate  than  the  smaller 
units.   However,  as  demonstrated  in  this  report,  continued  growth 
in  real  O&M  costs  at  historical  rates,  especially  combined  with 
the  continuation  of  recent  rates  of  capital  additions,  could  " 
render  larger  (over  300  MW) ,  later  (post-1968)  nuclear  plants 
prohibitively  expensive  to  operate.   Of  the  post-1968  nuclear 
units,  Pilgrim  is  especially  vulnerable,  due  to  its  relatively 
small  size,  lack  of  any  sister  units  to  share  costs,  low 
historical  capacity  factors,  and  design  problems  due  to  its  early 
vintage  and  Mark  I  containment.  The  increased  regulatory 
scrutiny  resulting  from  BECO's  management  problems  may  further 
increase  future  costs. 


We  use  the. 2 5-year  life  as  an  Historic  projection,  and  average 
the  25-year  and  36-year  projections  to  produce  a  31-year  Improved 
projection. 
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4 . 6  Overheads 


Not  all  of  the  costs  associated  with  operating  a  nuclear  power 
plant  are  listed  by  the  utility  as  O&M  costs  for  that  plant. 
Some  categories  of  costs  are  accounted  for  in  other  types  of 
accounts,  such  as  insurance,  payroll  taxes,  and  employee 
benefits.   Table  4.6  displays  the  overhead  expenses  for  Yankee 
Atomic,  Connecticut  Yankee,  Vermont  Yankee,  and  Maine  Yankee 
during  1984  and  1985. 22  Line  7  of  this  table  shows  the  overhead 
expenses  for  each  plant  expressed  as  a  percentage  of  the  total 
non-fuel  station  O&M.   The  percentages  vary  from  11.9  for 
Connecticut  Yankee  in  1984,  to  57.6  for  Maine  Yankee  in  1984. 
The  average  overhead  expense  for  the  four  plants  from  1984  to 
1985  was  26.99%,  and  is  used  in  calculating  the  overhead  expense 
for  Pilgrim  in  Section  3  of  this  paper. 


4.7   Sunk  Costs  and  Property  Taxes 


BECO  provided  an  analysis  of  the  cost  of  Pilgrim  to  ratepayers, 
for  a  useful  life  of  40  years.23  This  analysis  is  reproduced  as 


22.  Yankee  Atomic,  Connecticut  Yankee,  Vermont  Yankee,  and  Maine 
Yankee  were  chosen  for  this  analysis  because  of  the  ease  in 
these  cases  of  determining  the  overhead  expenses  pertaining 
only  to  the  particular  nuclear  plant. 

23.  This  useful  life  is  based  on  a  recent  application  to  BECO's 
operating  license  with  the  NRC.   So  far  as  we  know,  BECO  has 


-  44  - 


Appendix  1.   We  modified  this  analysis  for  different  useful  lives 
by  varying  the  depreciation  rate,  and  compressing  the  time  scale 
for  the  deferred  taxes.   The  latter  is  a  simple  approximation  to 
a  complex  pattern,  and  probably  understates  the  cost  of  the 
plant.   Future  analysis  should  improve  the  modeling  of  deferred 
taxes,  if  possible.24 

Tables  4.7.1  through  4.7.3  show  the  results  of  our  modifications 
to  the  BECO  cost  recovery  pattern.   We  have  deleted  the  cost 
components  which  are  included  elsewhere  in  our  analysis:   capital 
additions,  O&M,  fuel,  decommissioning,25  and  insurance  (included 
in  our  Overhead  category) . 

To  facilitate  analysis  of  the  cost-effectiveness  of  Pilgrim 
restart  (a  task  beyond  the  major  thrust  of  this  report) ,  Appendix 
4  repeats  Tables  4.7.1  through  4.7.3,  deleting  the  "Materials  and 


not  yet  proposed  using  this  longer  life  for  accounting  or 
ratesetting  purposes.   The  four-year  extension  to  Pilgrim's 
operating  life  might  slightly  improve  the  plant's  economics, 
if  O&M  grows  slowly.   If  O&M  grows  at  historical  rates,  the 
longer  life  would  not  be  beneficial.   Subsequent  analyses 
should  consider  the  possibility  of  life  extensions. 

24.  The  BECO  analysis  includes  fairly  high  levels  of  capital 
additions,  and  a  very  long  useful  life,  both  of  which  would 
tend  to  increase  the  deferred  tax  balance,  which  is  generated 
by  (among  other  things)  the  difference  in  tax  and  book 
depreciation  rates.   In  our  runs  with  lower  capital  additions 
and  shorter  lives,  the  use  of  the  BECO  cost  recovery  analysis 
almost  certainly  overstates  the  deferred  tax  balance,  and 
hence  understates  the  cost  of  Pilgrim  to  ratepayers. 

25.  Despite  the  decision  in  DPU  85-271  to  allow  BECO  to  collect  a 
total  of  $5.0  million  annually  in  1986  dollars,  the  BECO 
analysis  assumes  that  the  decommissioning  contribution  is 
only  $4.2  million  in  1988  dollars. 
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Supplies"  line.   Appendix  4  thus  represents  the  recovery  of  the 
sunk  costs  of  Pilgrim  as  of  the  end  of  1987. 

Table  4.8  summarizes  the  cost  inputs  calculated  in  Section  4  for 
the  historic,  improved,  and  optimistic  cases. 
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5   Replacement  Power  Costs 

We  analyzed  the  cost  of  replacing  Pilgrim's  capacity  and  energy 
contribution  in  three  steps.   First,  we  examined  BECO's  load  and 
capacity  situation  for  its  current  capacity  plans  and  for  a  range 
of  conservation  programs,  to  determine  when  BECO  would  require 
additional  capacity  to  meet  its  obligations  to  NEPOOL.   Second, 
we  examined  the  likely  range  of  replacement  energy  supply 
sources,  which  depends  in  part  on  the  load  and  capacity  forecast. 
Third,  we  determined  the  sensitivity  of  the  replacement  energy 
costs  to  the  projected  price  of  oil. 

We  have  also  examined  the  cost  of  replacing  Pilgrim  power  for  two 
other  utilities.   Appendix  3  displays  a  comparison  of  replacement 
capacity  and  energy  costs  for  Commonwealth  Electric  Company, 
Montaup  Electric  Company  and  BECO.   Replacing  Pilgrim  capacity  is 
somewhat  more  expensive  for  Commonwealth  Electric  and  Montaup, 
mainly  because  the  need  for  additional  capacity  arises  earlier 
for  those  utilities.   However,  the  higher  disadvantage  of 
replacing  Pilgrim  capacity  for  Montaup  and  Commonwealth  Electric 
is  more  than  offset  by  their  lower  projected  replacement  energy 
costs.   Therefore,  by  using  Boston  Edison's  estimates  of 
replacement  costs,  we  are  using  the  cost  estimates  most 
Optimistic  to  Pilgrim. 
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5.1   Load  and  Supply  Forecasts 


The  starting  point  for  this  analysis  was  BECO's  most  recent 
reference  forecast  filed  with  the  EFSC,  dated  January  17,  1986, 
and  BECO's  extension  of  that  forecast  to  the  year  2012,  from 
BECO's  RFP  for  QF  power,  dated  10/1/86.   The  BECO  load  forecast 
is  shown  in  column  1  of  Table  5.1.1.   This  was  taken  to  be  the 
Favorable  case. 

The  BECO  Review  Panel  (the  "Hogan  Commission")  concluded  that  it 
would  be  "not  an  unrealistic  goal"  for  BECO's  conservation 
program  to  aim  for  a  reduction  in  its  1986  load  forecast  of  1000 
MW  by  the  end  of  the  century.   We  adopted  this  level  of 
conservation  as  an  representing  a  supply  situation  Unfavorable  to 
Pilgrim,  and  assumed  that  the  percentage  reduction  in  new  load 
(where  efficiency  improvements  are  less  expensive)  would  be  twice 
the  percentage  reduction  in  existing  1987  loads.   The  resulting 
reductions  are  50%  for  the  new  loads,  and  26%  for  the  existing 
loads;  we  assumed  the  latter  would  be  achieved  evenly  over  the 
five-year  period  1988-92.   The  results  of  this  projection  are 
shown  in  columns  2-4  of  Table  5.1.1.   Note  that  due  to  round-off, 
the  total  reduction  in  the  year  2000  is  986  MW,  slightly  less 
than  suggested  by  the  Review  Panel.   The  Review  Panel 
conservation  targets  are  quite  modest:  much  more  could  be 
accomplished. 
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A  more  detailed  study  of  BECO's  conservation  potential  is 
justified,  both  for  projection  purposes,  and  to  hasten  and 
optimize  the  development  of  an  efficient  conservation  program. 
Such  an  analysis  is  long  overdue,  even  if  Pilgrim  is  eventually 
returned  to  service,  and  particularly  if  it  is  not. 

Capacity  projections  were  also  taken  from  BECO's  QF  RFP, 
specifically  Appendix  C,  Exhibit  4.   Existing  capacity  (net  of 
Pilgrim)  in  1986  is  2116  MW.   BECO  projected  the  addition  of  110 
MW  of  power  from  Ocean  states  in  1990,  175  MW  of  Hydro  Quebec 
capacity  in  1991,  and  283  MW  of  QFs  in  1989  and  1990.   BECO  is 
now  projecting  512  MW  of  QFs,  ending  with  a  200  MW  addition  from 
the  RFP  process  in  1992. 26  The  total  capacity  additions  are 
listed  in  the  second  column  of  Table  5.1.2.   The  BECO  projections 
of  capacity  purchases  and  sales  are  also  totaled  in  Table  5.1.2, 
with  the  addition  of  the  recently  signed  contract  for  purchases 
of  gas  turbine  (GT)  capacity  from  Northeast  Utilities  in 
1988-93. 27   Finally,  Table  5.1.2  sums  the  existing  capacity, 
capacity  changes,  and  net  purchases  to  derive  a  total  capacity 
figure  for  each  year.28 

Tables  5.1.3  and  5.1.4  combine  the  load  forecasts  of  Table  5.1.1 
with  the  supply  forecast  of  Table  5.1.2.   In  each  case,  one  of 


26.  Boston  Edison  Resource  Plan  1987-2000,  March  26,  1987. 

27.  In  fact  all  of  the  "capacity  additions"  are  also  purchases, 
but  BECO  splits  the  categories  for  some  reason.  We  use  the 
same  division  as  BECO  uses. 

28.  The  projections  for  QF  capacity  have  not  been  increased  to 
reflect  the  2000  MW  response  to  BECO's  200  MW  RFP. 
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the  forecasts  of  territorial  load  (retail  load  and  the  three 
captive  municipals,  Wellesley,  Norwood,  and  Concord)  is  combined 
with  BECO's  projection  of  its  demand  contract  sales  to  the 
Reading  Municipal,  to  derive  total  load.29   BECO's  projected 
required  reserve  margin,  from  the  QF  RFP  (Exhibit  4,  Appendix  C) , 
is  added  to  the  total  load  to  produce  projected  capability 
responsibility.   Finally,  each  table  compares  the  projections  of 
capacity  to  those  of  capability  responsibility,  to  determine  the 
surplus  or  deficit  in  capacity. 

Table  5.1.3  shows  that,  under  BECO's  forecast,  it  will  run  a 
small  capacity  deficiency  through  1989,  without  Pilgrim.   In 
1990,  Hydro  Quebec  and  contracted  QF  capacity  eliminate  the 
deficiency.   Beginning  in  1991,  load  growth  and  (more 
importantly)  the  termination  of  existing  power  purchase  contracts 
cause  the  deficiency  to  recur  and  to  grow.   BECO  would  be 
deficient  by  its  entire  498  MW  share  of  the  capacity  of  Pilgrim 
in  the  year  1999. 

Table  5.1.4  shows  BECO's  load  and  capacity  situation  under  our 
Unfavorable  ("Review  Panel")  projection.   The  existing  capacity 
deficiency  disappears  in  1988  as  new  purchases  increase  BECO's 


29.  The  Reading  contract  projection  has  not  been  reduced  for 
conservation  programs,  for  Reading's  development  of  QF 
capacity,  or  for  the  current  effort  of  the  Wilmington 
customers  to  secede  from  the  Reading  system  and  develop  their 
own  QF  capacity.   At  least  one  of  these  events  is  likely,  and 
BECO  could  encourage  both  the  conservation  and  the  QF 
development  by  restrict  Reading's  access  to  further  power  on 
the  demand  contract,  which  is  priced  below  replacement  cost. 
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capability.30   BECO's  capacity  surplus  approaches  1000  MW  in 
1991.   That  surplus  dwindles  over  the  subsequent  years,  but  BECO 
continues  to  have  adequate  capacity  throughout  the  forecast 
period,  even  without  any  further  additions.31 

Table  5.1.5  constructs  an  Intermediate  supply  situation,  using 
the  average  of  the  load  levels  in  the  two  preceding  cases.   A 
small  amount  of  capacity  would  be  required  in  1988, 32  but  long- 
term  capacity  need  would  not  appear  until  the  year  2000,  and  the 
entirety  of  Pilgrim's  capacity  would  not  have  to  be  replaced 
until  2010. 

We  use  these  results  in  two  ways.   First,  the  load  and  capacity 
comparisons  in  Tables  5.1.3  through  5.1.4  determine  the  timing  of 
replacement  capacity  costs.   In  the  Favorable  case,  some 
replacement  capacity  is  required  in  every  year  except  1990,  and 


30.  The  1986  and  1987  deficiencies  have  already  occurred  (or  are 
in  the  process  of  occurring,  regardless  of  whether  BECO 
restarts  Pilgrim  late  this  year) ,  and  have  not  had  any  major 
reliability  consequences.   NEPOOL  generally  has  adequate 
capacity  (if  the  other  nuclear  plants  can  stay  in  service  for 
the  summer),  and  BECO  is  still  receiving  credit  for  Pilgrim's 
rated  capacity,  even  though  the  unit  has  been  inoperable  for 
over  a  year. 

31.  The  surpluses  would  exist  in  virtually  every  year,  almost 
independent  of  the  pattern  in  which  the  Review  Panel 
conservation  goal  is  phased  in.   Slower  conservation 
development  would  reduce  the  large  surpluses  in  the  early 
1990s. 

32.  Given  the  low  cost  of  capacity  in  the  very  short  term,  we 
have  ignored  this  deficiency.   BECO  might  have  to  pay  $10/kW 
for  peaker  capacity  in  1988,  bringing  the  cost  of  a  68  MW 
deficiency  to  $680,000,  which  would  have  a  negligible  effect 
on  our  analyses. 
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the  entire  498  MW  capacity  must  be  replaced  by  1999. 33   In  the 
other  cases,  no  replacement  capacity  is  required.   The  pricing  of 
the  Favorable  case  replacement  capacity  is  discussed  in  Section 
5.2. 

Second,  these  comparisons  allow  us  to  conclude  that,  even  without 
any  additional  capacity,  an  aggressive  conservation  program  may 
allow  BECO  to  use  more  efficient  plants  to  replace  Pilgrim  than 
would  be  the  case  under  its  current  forecast.   This  issue  is 
considered  in  Section  5.3. 


33.  We  assume  that  BECO  would  meet  the  1988/89  deficiencies  by 

purchasing  peaking  capacity,  rather  than  building,  due  to  the 
short  lead  time.   The  purchased  capacity  is  likely  to  be  less 
expensive  than  new  capacity,  but  we  priced  all  replacement 
capacity  at  the  level ized  real  cost  for  new  peaking  capacity 
in  BECO's  QF  RFP. 
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5.2   Replacement  Capacity  Costs 


In  the  Favorable  and  Intermediate  cases,  we  must  include  some 
costs  for  replacing  the  capacity  from  Pilgrim.   Following  BECO's 
approach,  we  assume  that  the  capacity  will  be  in  the  form  of  gas 
turbine  peaking  units.34 

In  its  QF  RFP,  BECO  projects  a  levelized  real  cost  of  gas  turbine 
capacity  of  $48. 16/kW-year  beginning  in  1992,  inflating  at  4.3% 
(Appendix  C,  Exhibit  6,  page  5).35   Table  5.2.1  shows  (in  column 
1)  the  inflated  cost  per  kw  of  gas  turbine  capacity,  as  assumed 
by  BECO.   Column  2  shows  the  BECO  capacity  deficit  from  Table 
5.1.3,  up  to  BECO's  capacity  entitlement  in  Pilgrim.36   In  column 
3  of  Table  5.2.1,  the  number  of  MW  needed  in  each  year  is 
multiplied  by  the  cost  per  kW  in  that  year,  to  yield  the  total 
replacement  capacity  cost  for  each  year. 


34.  As  will  be  discussed  in  the  next  section,  this  assumption  is 
consistent  with  the  adoption  of  BECO's  avoided  cost 
projection  for  the  Favorable  replacement  energy  source. 

35.  This  analysis  is  somewhat  simplified,  since  O&M  and  capital 
recovery  costs  are  combined  at  the  capital  cost  inflation 
rate,  even  though  the  O&M  costs  are  projected  to  inflate  at  a 
slightly  higher  rate.   Also,  existing  capacity  is  available, 
at  lower  costs  than  $48. 16/kW-year,  through  the  1980s  and 
into  the  early  1990s.   Even  deficiency  charges  to  NEPOOL  are 
still  only  $36/kW-year. 

36.  Any  deficits  above  the  498  MW  level  would  have  occurred  with 
or  without  Pilgrim. 
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Table  5.2.2  uses  the  deficit  from  the  intermediate  supply  case 
(Table  5.1.5)  to  calculate  replacement  capacity  cost.   There  is 
no  deficit  for  the  Unfavorable  supply  case  (Table  5.1.4),  and 
hence  no  replacement  capacity  cost. 


-  54  - 


5.3   Replacement  Energy  Sources 


Replacing  the  capacity  from  Pilgrim  is  a  minor  part  of  the  cost 
of  replacing  the  plant.   Replacing  Pilgrim's  energy  production 
will  be  much  more  costly  than  replacing  the  capacity.   We 
considered  two  approaches  to  estimating  the  replacement  cost  of 
Pilgrim  energy. 


5.3.1  Comparing  Pilgrim  retirement  to  QF  avoided  costs 


The  first  approach  was  based  on  the  avoided  cost  projections  BECO 
produced  in  connection  with  its  RFP  for  QF  power.   In  its 
original  filing  (10/1/86) ,  BECO  presented  its  estimate  of  the 
savings  per  kWh  of  adding  to  its  planned  system  (including 
Pilgrim  at  a  70%  capacity  factor  and  393  MW  of  planned  QFs  at  an 
80%  capacity  factor),  200  MW  of  additional  QFs.   At  the  request 
of  EOER,  the  AG,  and  other  parties  interested  in  the  QF 
proceeding,  BECO  also  ran  its  production  costing  model  to 
determine  the  savings  from  adding  200  MW  of  QFs  to  the  existing 
system,  assuming 

-  Pilgrim  capacity  factor  of  35%  and  393  MW  of  existing  QFs, 

-  Pilgrim  capacity  factor  of  70%  and  192  MW  of  existing  QFs, 
and 
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Pilgrim  capacity  factor  of  54%  and  192  MW  of  existing  QFs . 

All  of  the  QF  capacity  was  assumed  to  operate  at  an  80%  capacity 
factor.   The  last  case  was  filed  in  the  revised  RFP  (11/21/86) , 
which  was  approved  by  the  DPU  and  used  in  the  recent  solicitation 
of  bids. 

Both  the  QFs  and  Pilgrim  provide  baseload  energy.37   Thus,  it 
would  seem  that  the  cost  of  the  baseload  energy  which  the  QFs 
displace  would  be  very  similar  to  the  cost  of  the  baseload  energy 
which  would  be  required  to  replace  Pilgrim.   If  that  is  the  case, 
then  the  avoided  cost  projections  from  the  QF  RFP  process  can  be 
used  as  reasonable  estimates  of  the  cost  of  Pilgrim  replacement 
energy . 

However,  the  comparison  of  the  QF  avoided  cost  estimates  to 
Pilgrim  replacement  cost  estimates  is  more  complicated  by  the 
fact  that  the  QFs  rates  are  calculated  for  an  addition  to  BECO's 
system,  and  the  Pilgrim  replacement  power  will  compensate  for  a 
retirement  of  existing  capacity.   Utilities  utilize  their  power 
plants  according  to  the  rules  of  economic  dispatch:   the  sources 
with  the  least  expensive  running  costs  are  used  first  (to  the 
extent  that  they  are  available) ,  and  more  expensive  plants  are 
turned  on  only  as  they  are  required.   Because  of  this  rank- 
ordering  of  power  supply  sources,  a  100  MW  increase  in  baseload 


37.  Some  of  the  contracts  negotiated  from  the  RFP  process  may 
allow  BECO  to  curtail  deliveries,  making  the  QFs  more  like 
intermediate  or  cycling  plants.   No  such  curtailments  appear 
to  have  been  contemplated  in  the  production  costing  runs  for 
the  QF  RFP. 
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supply  (such  as  QFs)  will  have  a  higher  avoided  cost  per  kWh  than 
will  a  200  MW  increase,  since  the  first  100  MW  will  back  out  the 
most  expensive  sources,  leaving  lower-cost  plants  to  be  backed 
out  by  the  next  100  MW  increment.   Similarly,  a  100  MW  decrease 
in  baseload  power  supply  will  cost  more  per  kWh  than  a  100  MW 
addition  would  save,  since  the  addition  replaces  the  most 
expensive  operating  plants,  while  the  decrease  requires  the 
utility  to  fire  up  the  least  expensive  of  the  sources  it  was  not 
previously  using:   the  least  expensive  non-operating  plant  should 
always  be  more  expensive  than  the  most  expensive  operating  plant, 
or  else  plants  are  not  being  dispatched  in  economic  order. 

Suppose  we  were  to  hypothesize  a  basic  power  supply  system  for- 
BECO  for  some  future  year  (say,  1995) ,  and  calculate  the  savings 
per  kwh  from  adding  200  MW  of  baseload  capacity,  and  then 
calculate  the  cost  of  retiring  500  MW  of  baseload  capacity  from 
the  basic  system.   Given  the  factors  discussed  above,  we  would 
expect  the  retirement  to  cost  much  more,  per  kWh,  than  the 
avoided  cost  calculated  for  the  addition.   Since  the  RFP  runs 
were  estimating  the  average  energy  savings  of  adding  200  MW  of 
baseload  QF  capacity,  that  energy  might  not  have  the  same  average 
value  as  would  the  energy  lost  by  retiring  Pilgrim,  which 
represents  500  MW  of  baseload  capacity. 

However,  two  factors  tend  to  make  the  QF  avoided  costs  and  the 
Pilgrim  replacement  costs  more  similar  than  they  would  at  first 
appear.   First,  BECO  did  the  QF  calculation  assuming  an  80% 
capacity  factor,  while  various  projections  of  Pilgrim  capacity 
factors  range  from  54%  to  70%.   Thus,  the  amount  of  energy 
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supplied  by  the  QFs  is  closer  to  that  supplied  by  Pilgrim. 
Second,  unlike  the  hypothetical  discussed  in  the  previous 
paragraph,  the  addition  of  the  QFs  and  the  retirement  of  Pilgrim 
are  being  evaluated  for  different  base  systems.   BECO  now 
projects  that  it  will  have  much  more  QF  and  other  third-party 
capacity  than  it  did  when  it  ran  the  avoided  cost  estimates. 
That  additional  baseload  power  will  displace  much  of  the  most 
expensive  energy  sources  which  BECO  included  in  the  QF 
calculations;  retirement  of  Pilgrim  might  simply  result  in  BECO 
reverting  to  the  power  supply  assumed  in  the  avoided  cost 
calculations. 

To  determine  whether  BECO's  avoided  cost  projections  can  be 
applied  to  the  cost  of  replacing  Pilgrim,  we  compared  the 
baseload  energy  supply  situations  implied  by  each  case.   To  place 
each  of  the  cases  on  a  comparable  basis,  Table  5.3.1  tabulates 
the  energy  available  from  Pilgrim  and  QFs  for  each  of  the  avoided 
cost  estimates  and  for  the  replacement  of  Pilgrim's  energy 
contribution,  assuming  that  Pilgrim  would  have  operated  at  either 
the  highest  capacity  factor  (70%)  or  the  lowest  capacity  factor 
(54%)  considered  in  the  cost-effectiveness  calculations  in 
Section  3.   Table  5.3.1  also  displays  the  center  of  the  increment 
for  each  case.   Since  both  Pilgrim  and  the  QFs  displace  the  most 
expensive  sources  of  power  first,  the  higher  the  GWH  levels 
displaced  (whether  measured  at  the  bottom,  middle,  or  top  of  the 
increment) ,  the  lower  the  value  of  the  energy  displaced. 

Figure  5.3.1  displays  the  range  of  baseload  energy  availability 
underlying  each  of  the  four  avoided  cost  estimates  and  each  of 
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the  Pilgrim  replacement  cases  in  Table  5.3.1.   The  bottom  of  each 
line  corresponds  to  the  amount  of  baseload  energy  supplied  by 
Pilgrim  and  QFs  without  the  incremental  resource  in  the  case 
(either  Pilgrim  or  200  MW  additional  QFs).38  The  top  of  the  line 
corresponds  to  the  energy  supply  including  the  incremental 
resource,  and  the  length  of  the  line  represents  the  energy 
supplied  by  the  incremental  resource.   Figure  5.3.1  labels  each 
increment  with  the  case  code  used  in  Table  5.3.1,  and  displays 
the  average  level ized  avoided  cost  for  each  of  the  avoided-cost 
cases. 

Several  points  can  be  observed  from  the  data  in  Table  5.3.1  and 
Figure  5.3.1.   First,  the  increase  in  projected  QF  capacity  since 
the  time  of  the  RFP  (including  the  capacity  from  the  RFP  itself) 
largely  offsets  the  larger  size  of  Pilgrim,  making  the  ranges  of 
replacement  energy  comparable  between  the  avoided  cost 
calculations  and  the  Pilgrim  replacement  cost  calculations.   At 
the  bottom  of  the  increment,  the  revised  RFP  filing  (labeled  AC4 
in  Table  5.3.1)  starts  at  3701  GWH,  while  the  Pilgrim  replacement 
cases  start  just  slightly  lower,  at  3588  GWH.39   Comparing  the 
top  of  the  increments,  it  is  clear  that  the  last  GWHs  supplied  by 
Pilgrim  would  be  higher  in  the  loading  order  and  thus  less 
valuable  than  the  corresponding  GWHs  from  the  QF  calculations. 


38.  BECO  would  have  other  baseload  resources,  including  Hydro 
Quebec,  the  Yankees,  Pt.  Lepreau,  and  (depending  on  the 
definition  of  baseload)  Canal  and  New  Boston.   These 
resources  would  be  constant  in  each  case,  so  we  need  not 
explicitly  consider  them. 

39.  The  113  GWH  difference  is  equivalent  to  just  16  MW  operating 
at  an  80%  capacity  factor. 
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Comparing  the  average  GWH  provided  by  the  incremental  supply  in 
each  case,  we  see  that  the  middle  of  the  increment  for  the 
Pilgrim  replacement  case  with  a  low  capacity  factor  (PR1)  lies 
between  those  of  BECO's  final  avoided-cost  run  (AC4)  and  the  next 
highest-increment  run  (AC3,  which  uses  a  35%  Pilgrim  capacity 
factor) .   The  middle  of  the  increment  for  the  high-capacity- 
factor  Pilgrim  replacement  case  (PR2)  is  almost  identical  to  that 
of  AC2 ,  and  is  much  higher  than  the  range  used  in  the  revised  RFP 
filing. 

As  shown  in  Figure  5.3.1,  the  cost  of  the  replacement  power  falls 
as  the  starting  and  ending  points  of  the  energy  increment  rise. 
This  is  the  expected  result  of  economic  dispatch.   The  highest* 
avoided  cost  case  is  AC4,  which  is  the  lowest  of  the  cases  in 
terms  of  the  range  of  energy  supply  involved.   AC4  represents  a 
lower  (and  hence  more  expensive)  energy  increment  than  does  the 
replacement  of  Pilgrim  at  any  of  the  capacity  factors  we  have 
considered  in  this  study.40  Thus,  the  use  of  BECO's  avoided 
energy  cost  projection  (from  the  revised  RFP)  as  a  proxy  for  the 
cost  of  replacing  Pilgrim's  energy  would  tend  to  overstate  the 
actual  replacement  cost,  and  that  projection  is  therefore 
suitable  for  the  Favorable  energy  supply  case. 


40.  The  Pilgrim  replacement  increment  is  higher  in  the  loading 
order  (and  hence  the  replacement  cost  is  lower)  than  is  the 
AC4  increment  for  all  Pilgrim  capacity  factors  above  37.3%. 
If  we  assumed  Pilgrim  would  operate  at  a  capacity  factor 
below  37.3%,  the  energy  it  displaced  would  tend  to  be  more 
valuable  than  that  in  AC4 ,  but  the  low  capacity  factor  would 
certainly  make  Pilgrim  uneconomic. 
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5.3.2  Updating  oil  prices 


Table  5.3.2  lists  the  BECO  avoided  costs  from  the  revised  RFP. 
It  also  shows  the  avoided  cost  figures  adjusted  by  the  ratio  of 
the  Summer  1986  reference  oil  price  forecast  (on  which  the  RFP 
runs  were  based)  to  the  Winter  86/87  oil  price  forecasts  (Low, 
Reference,  and  High) .   The  reference  price  is  essentially 
unchanged,41  so  this  adjustment  primarily  reflects  the 
differences  in  DRI's  three  scenarios.   In  essence,  we  are 
assuming  that  the  same  units  would  be  used  in  the  same  way, 
regardless  of  oil  prices.   This  is  not  quite  true:   changing  oil 
prices  will  tend  to  change  the  order  in  which  plants  are 
dispatched,  will  influence  BECO's  efforts  to  purchase  economy 
power  from  other  utilities,  and  will  alter  the  attractiveness  of 
QF  power.42   Since  all  these  changes  would  moderate  the  effect  of 
increasing  oil  prices,  we  know  that  the  High  price  columns  of 
Table  5.3.2  are  overstated,  although  we  do  not  know  by  how  much. 
Ideally,  we  would  prefer  to  have  specific  production  costing  and 
generation  modeling  runs  for  each  of  the  cases  (e.g.,  High, 


41.  DRI  oil  price  projections  changed  little  from  Winter  to 
Spring  1987,  as  well. 

42.  Since  BECO  received  offers  of  2053  MW  in  response  to  its  RFP 
for  200  MW  at  prices  not  to  exceed  the  avoided  costs  listed 
in  Table  5.3.2,  those  avoided  costs  (or  actually  the 
contracts  which  could  be  signed  under  them)  appear  to 
represent  a  ceiling  on  the  replacement  cost  of  Pilgrim.   It 
is  difficult  to  see  how  BECO  could  pay  as  much  for 
replacement  power  as  is  postulated  by  increasing  the  avoided 
cost  projections  to  reflect  the  DRI  High  oil  price  scenario. 
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Reference,  and  Low  oil  prices  at  high,  intermediate,  and  low 
Pilgrim  capacity  factors,  and  without  Pilgrim)  we  are  testing: 
without  incurring  the  expense  and  delay  required  by  those 
modeling  efforts,  the  approximations  in  Table  5.3.2  are  the  best 
available. 

Table  5.3.2  also  shows  the  BECO  projection  of  Pilgrim  fuel  costs 
Column  4  is  the  differences  between  that  projection  and  the 
adjusted  avoided  cost  projections,  or  the  difference  between 
Column  2  and  Column  3.   Those  differences  are  the  fuel  savings 
attributable  to  Pilgrim  operation,  stated  in  cents/kWh. 


5.3.3   Estimating  baseload  oil  replacement  costs 


The  second  approach  assumed  that  the  replacement  costs  could  be 
considerably  lower  than  those  projected  by  the  BECO  RFP,  if  BECO 
pursues  a  vigorous  conservation  program  and  backs  out  the  most 
expensive  energy  sources  on  its  system.   A  review  of  the  load  and 
capacity  comparisons  in  Table  5.1.4  and  5.1.5  indicates  that  the 
amount  of  load  BECO  will  have  to  meet  in  the  future  with  its 
existing  resources  (that  is,  net  of  QF  purchases)  may  be 
considerably  lower  than  the  loads  it  has  carried  with  those 
resources  in  the  recent  past.   Thus,  the  expensive  gas  turbines 
and  older  Mystic  units  would  operate  less,  and  the  marginal  unit 
would  more  often  be  efficient  units,  such  as  New  Boston,  Mystic 
7,  and  economy  purchases  from  oil  and  coal  plants  of  other 
utilities.   We  approximated  this  more  favorable  supply/demand 
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balance  by  treating  New  Boston  as  the  marginal  energy  source:   in 
fact,  the  marginal  energy  source  would  sometimes  be  a  more 
expensive  oil  unit  and  sometimes  a  less  expensive  purchase.43 

Table  5.3.3  displays  the  average  heat  rate  for  New  Boston  for 
each  year,  1981-85,  and  computes  the  simple  average  of  the  heat 
rates  for  those  four  years,  which  is  9622.6  BTU/kWh.44   Table 
5.3.2  (in  the  columns  marked  H1M)  converts  the  Winter  86/87  DRI 
oil  price  forecasts  for  New  Boston's  1%  sulfur  fuel  to  cents/kWh, 
based  on  the  average  New  Boston  heat  rate.   Columns  2  and  3 
present  BECO's  projections  of  Pilgrim  fuel  costs,  and  the  columns 
marked  4  present  the  differences  between  BECO's  fuel  price 
projection  for  Pilgrim  and  the  New  Boston  fuel  cost  for  each  of 
the  DRI  price  projections.   These  net  fuel  savings  are 
approximately  one  third  lower  than  those  which  result  from  BECO's 
avoided  cost  projections. 


43.  In  some  situations  (for  example,  once  New  Boston  output  has 
been  backed  down  to  minimum  levels) ,  the  real  alternative  to 
Pilgrim  is  an  increase  in  the  scope  of  BECO  conservation 
programs.   These  are  likely  to  be  much  less  expensive  than 
burning  oil  at  existing  plants. 

44.  The  "heat  rate"  for  a  power  plant  is  the  amount  of  fuel 
(measured  in  BTUs)  required  to  produce  a  kWh  of  electricity. 
The  higher  the  heat  rate,  the  lower  the  efficiency.   A  heat 
rate  of  3413  BTU/kWh  would  correspond  to  an  (impossibly  high) 
100%  efficiency.   New  Boston's  heat  rate  is  very  low  (very 
good)  for  a  conventional  central-station  utility  power  plant: 
only  combined  cycle,  fuel  cell,  and  cogeneration  units 
operate  at  much  higher  efficiencies. 
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6   Effects  of  Lengthy  Outages 

The  purpose  of  this  section  is  to  determine  the  trend  in 
performance  of  a  nuclear  power  plant  returning  from  an  extended 
outage.   We  have  examined  the  experience  in  light  of  two 
hypotheses  regarding  the  effects  of  long  maintenance  outages  on 
plants  with  histories  of  performance  problems.   The  first  theory 
suggests  that  a  nuclear  plant  with  a  bad  performance  from  the 
start  of  its  commercial  life  will  continue  to  perform  poorly, 
regardless  of  any  extended  efforts  to  repair  it.   The  second 
theory  asserts  that  a  plant  with  a  record  of  poor  performance  may 
change  that  record  by  devoting  a  large  time  period  to  maintenance 
and  repairs. 

The  four  plants  selected  for  this  analysis  were  the  only  ones 
which  met  these  criteria: 

each  plant  has  been  in  commercial  operation  for  8  years, 

each  plant  has  experienced  a  lengthy  outage  of  at  least  10 
months, 

each  plant  has  had  at  least  5  years  of  poor  performance. 

The  performance  for  those  plants  included  in  this  analysis  has 
been  measured  for  the  most  part  by  their  capacity  factors,  with 
an  annual  capacity  factor  of  40%  or  lower  indicating  poor 
performance.   Capacity  factor  data  and  explanations  of  plant 
performance  were  taken  from  two  NRC  publications,  entitled 
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Nuclear  Power  Plant  Operating  Experience  and  Licensed  Operating 
Reactors. 

Table  6.1  displays  the  capacity  factors  for  the  plants  examined 
in  this  section.  Capacity  factors  for  1986  are  calculated  only 
through  October  due  to  delays  in  NRC  publications. 


6.1   Palisades 


Palisades  began  its  commercial  life  in  late  1971  with  two 
relatively  poor  years  of  performance.   The  plant  was  shut  down 
for  maintenance  beginning  in  August  of  1973,  and  remained  out  of 
service  until  October  of  1975.   The  outage  was  initiated  to 
repair  secondary  tube  leakage  in  the  steam  generator,  but  a  large 
number  of  other  repairs  were  accomplished  at  this  time  as  well. 
As  a  result,  the  plant  operated  at  poor  capacity  factors  from 
1973  through  1975,  with  the  worst  being  in  1974,  when  the 
capacity  factor  dropped  to  1.1%.45 

Following  the  25  month  outage,  Palisades  continued  to  perform 
badly,  with  the  exception  of  1977  and  1985.   In  November  1975, 
only  one  month  after  the  large  outage,  Palisades  was  shut  down 
for  60  days  for  repair  of  condenser  tube  leakage.   In  1976,  after 
a  5  month  refueling  process,  the  plant  operated  at  limited  power 
due  to  turbine  pack  pressure  limitation.   After  a  successful  year 


45.  Palisades  came  on  line  briefly  in  1974,  but  after  one  month 
was  shut  down  due  to  condenser  tube  leakage. 
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in  1977,  the  capacity  factor  for  Palisades  dropped  down  to  36.5% 
in  1978,  and  remained  in  the  mid  40s  through  1982.   Long 
refuelings  and  maintenance  problems  accounted  for  the  low 
capacity  factors.   In  1979  and  1980,  the  plant  was  out  for  eight 
and  a  half  months  for  refueling  and  TMI  related  modifications. 
In  1984,  the  capacity  factor  dipped  to  11.3%. 

Palisades  is  an  obvious  example  of  a  bad  performer,  from 
commercial  operation  until  today.   The  plant  was  out  of  service 
for  two  years,  but  the  outage  failed  to  improve  the  plant 
performance  by  any  significant  amount.   In  fact,  the  plant  has 
had  three  eight-month  outages  since  the  initial  two-year  outage. 
Palisades  clearly  supports  the  theory  that  no  amount  of  effort 
can  change  a  low-performance  plant. 


6.2   Beaver  Valley 


Beaver  Valley  1  operated  with  consistently  low  capacity  factors 
for  the  first  four  years  of  its  commercial  life.   Throughout 
1977,  1978  and  1979,  the  unit  experienced  forced  outages  for  a 
total  of  15  months.   In  1980,  Beaver  Valley  was  closed  down  for 
eleven  months  for  refueling  and  TMI  related  modifications, 
resulting  in  a  capacity  factor  of  4%.   After  1980,  however,  the 
performance  of  the  unit  showed  much  improvement.   From  1981 
through  1985,  the  average  capacity  factor  for  Beaver  Valley  was 
61%,  with  only  one  year  of  bad  performance. 
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Beaver  Valley  is  an  example  of  a  plant  that  had  several  bad  years 
when  first  entering  commercial  operation,  but  after  eleven  months 
of  maintenance  improved  immensely.   The  average  capacity  factor 
for  the  first  four  years  of  its  life  was  25.2%,  but  rose  to 
60.78%  for  the  five  years  following  the  outage.   The  unit  appears 
to  support  the  theory  that  an  extended  outage  can  improve  a 
plant's  performance  for  its  remaining  life.   However,  this 
conclusion  must  be  tempered  by  the  fact  that  Beaver  Valley's  low- 
performance  years  were  also  the  first  years  of  its  commercial 
life.   The  first  few  years  of  any  plant's  operation  tend  to  show 
lower  performance  than  do  the  mature  years.   Therefore,  Beaver 
Valley  may  just  have  been  slow  in  maturing,  and  may  not  be 
comparable  to  units  such  as  Pilgrim,  whose  poor  performance 
extended  or  appeared  well  into  their  operating  lives. 


6.3   San  Onofre  1 


San  Onofre  1  entered  commercial  operation  quite  successfully, 
with  an  average  capacity  factor  of  69%  for  the  first  twelve  years 
of  life.   It  was  not  until  1980  that  the  unit  began  to  have 
problems,  and  it  has  not  recovered  since. 

In  1980,  San  Onofre  1  experienced  outages  for  70%  of  the  year. 
The  first  outage  was  for  TMI  related  modifications,  and  lasted 
only  2  weeks.   Shortly  thereafter,  refueling  began.   The 
refueling  outage  was  extended  for  repair  of  the  steam  generator 
tubes,  keeping  the  plant  off  line  for  5  months  of  1980  and  6 
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months  of  1981.   In  1982,  the  unit  was  shut  down  by  the  need  for 
seismic  backfitting.   Questions  by  the  NRC  of  acceptability  of 
the  seismic  backfits  kept  the  unit  out  of  service  through  1983 
and  most  of  1984.   The  average  capacity  factor  from  1980  through 
1984  was  12%. 

San  Onofre  1  had  a  fairly  successful  year  in  1985,  achieving  a 
capacity  factor  of  62.4%.   In  November  1985,  the  plant  began  an 
outage  for  refueling  and  backfit  work,  which  lasted  through  July, 
1986.   The  unit  was  out  of  service  again  in  September  for  repair 
to  the  west  main  feedwater  pump.   The  capacity  factor  through 
October,  1986  dropped  to  9.7%. 

Since  the  almost  two-year  outage  of  San  Onofre  1  is  fairly 
recent,  it  is  difficult  to  make  any  conclusions  as  to  its  long- 
term  effect.   However,  the  average  capacity  factor  from  the  end 
of  the  outage  through  October,  1986  was  36.3%,  suggesting  that 
the  plant's  problems  are  not  over.   Although  there  is  not  much 
evidence,  San  Onofre  1  appears  to  be  supporting  the  theory  to  the 
extent  that  a  good  plant  can  become  a  bad  plant,  and  even  a  major 
refitting  effort  will  not  automatically  cause  it  to  revert  to 
good-plant  status. 


6.4   Oyster  Creek  1 


Oyster  Creek  1  was  a  moderately  successful  unit  through  1978, 
with  capacity  factors  ranging  in  the  upper  fifties  and  lower 
sixties.   In  1979,  the  unit  performed  especially  well,  ending  the 
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year  with  a  capacity  factor  of  80%.   After  1979,  however,  the 
unit's  performance  declined. 

Problems  began  in  1980,  when  a  routine  refueling  outage  was 
extended  to  seven  months  for  maintenance  reasons.   Maintenance 
problems  persisted  throughout  1981  and  1982,  resulting  in 
capacity  factors  of  46%  and  35%  respectively.   The  most  serious 
outage  occurred  in  1983,  when  once  again,  a  scheduled  refueling 
outage  was  extended  to  21  months  due  to  maintenance  problems.46 
The  capacity  factors  for  1983  and  1984  were  both  under  5%. 

Although  Oyster  Creek  performed  well  in  1985  (capacity  factor  was 
66%) ,  the  data  through  October  1986  suggest  another  poor  year.   A 
refueling  outage  in  April  of  1986  was  continuing  in  October, 
indicating  more  maintenance  problems. 

It  is  difficult  to  estimate  the  effect  of  Oyster  Creek's  21-month 
outage  because  of  a  lack  of  followup  experience.   The  fact  that 
the  refueling  outage  in  1986  lasted  at  least  6  months  (the  exact 
length  is  not  available)  indicates  that  maintenance  problems  are 
still  pervasive.   However,  it  is  impossible  to  estimate  which 
direction  Oyster  Creek's  performance  will  take  for  its  remaining 
life.   Its  history  is  weak  evidence  that  problems  can  persist 
even  after  several  lengthy  outages. 

Very  few  firm  conclusions  can  be  drawn  based  on  the  post-outage 
data  of  the  four  plants  available  for  this  analysis.   Only  two  of 


46.  Reasons  for  the  outage  are  not  mentioned. 
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the  four  plants  have  performed  long  enough  after  their  outage  for 
a  trend  to  be  seen,  and  each  of  those  plants  offers  a  different 
conclusion.   It  remains  to  be  seen  what  effect  the  long  outages 
will  have  in  the  cases  of  San  Onofre  1  and  Oyster  Creek.   Based 
on  the  nuclear  power  plant  data  through  1986,  neither  of  our 
theories  of  the  effects  of  long  maintenance  outages  can  be 
demonstrated  conclusively.   Therefore,  we  may  conclude  that 
either  outcome  is   possible,  and  that  neither  should  be  assumed. 
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7   Potential  Future  Problems  for  Pilgrim 


7.1   Introduction 


Forecasting  the  future  cost-effectiveness  of  Pilgrim  requires 
forecasting  many  variables  into  the  future.   Three  such  variables 
related  to  Pilgrim's  future  operations  are  capacity  factor  (CF) , 
operations  and  maintenance  expense  (O&M) ,  and  capital  additions 
(CA) .   All  three  of  these  variables  are  in  turn  driven  (at  least 
in  part)  by  regulatory  actions  taken  by  the  U.S.  Nuclear 
Regulatory  Commission  (NRC) .   Therefore  it  is  important  to 
attempt  to  forecast  whether  or  not  NRC  regulatory  requirements 
will  continue  to  ratchet  upwards  as  they  have  in  the  past. 

This  section  of  this  study  attempts  to  look  at  this  problem  in 
several  ways.   This  section  is  organized  as  follows.   Subsection 
7.2  reviews  three  independent  analysts'  analyses  of  industry-wide 
O&M  and  CA  data.   Subsection  7.3  displays  BECO's  current  (as  of 
6/8/87)  projections,  taken  from  ref.  (4) ,  which  is  also  Appendix 
1.   Subsection  7.4  describes  the  various  lines  of  NRC  research 
and  regulatory  activity  that  might  affect  the  future  operations 
of  Pilgrim,  focusing  mostly  on  matters  relating  to  the  GE  Mark  I 
containment.   Subsection  7.5  discusses  potential  future 
regulatory  requirements,  again  focusing  primarily  on  matters 
relating  to  the  GE  Mark  I  containment.   Subsection  7.6  states 
brief  conclusions,  and  references  are  contained  in  Section  8. 
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7.2   Independent  Analyses  of  Industry  Trends 


An  initial  question  to  be  confronted  when  analyzing  whether  or 
not  future  regulatory  requirements  are  likely  to  ratchet  upwards 
or  not  is  whether  they  have  done  so  in  the  past,  and  if  they  have 
done  so,  what  has  been  the  effect  of  this  ratcheting.   On  the 
issue  of  whether  there  has  been  ratcheting  or  not,  there  is 
widespread  agreement  by  analysts  that  ratcheting  has  been 
substantial  and  pervasive  over  time  since  at  least  the  early 
1970s  to  date.   On  the  issue  of  what  has  been  the  effect  of  this 
ratcheting  of  regulatory  requirements,  numerous  independent 
analysts  have  collected  and  analyzed  the  national  experience  and 
concluded  that  substantial  and  persistent  increases  in  both 
capital  additions  and  O&M  have  resulted  from  the  ratcheting. 
This  sub-section  of  this  report  briefly  describes  three  such 
analyses. 


7.2.1   Analysis  by  Paul  L.  Chernick 


Paul  Chernick,  has  performed  an  exhaustive  analysis  of  national, 
industry-wide  nuclear  O&M  and  nuclear  capital  additions  data  in 
reference  (1) .   In  that  work,  Mr.  Chernick  noted  that  the 
national,  industry-wide  experience  for  non-fuel  O&M  appeared  to 
increase  in  real  (i.e.,  above  inflation  rates)  terms  at  a  rate  of 
about  12%  per  year,  for  the  years  1968-1984.   Ref.  (1),  Appendix 
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V-A,  pp.  V-A-16  through  V-A-20;  Table  V-6;  Appendix  V-D(data) ; 
Appendix  V-E  (regression  specifications) .   Mr.  Chernick  also 
noted  that  national,  industry-wide  experience  for  nuclear  capital 
additions  showed  upwards  trends,  above  inflation  rates,  over  the 
period  1972-1984,  although  the  national  data  was  quite  variable 
year-to-year.   Ref.  (1),  Appendix  V-A,  pp.  V-A-21  through  V-A-24; 
Figure  V-2;  Table  V-ll;  Appendix.  V-D  (data);  Appendix  V-F 
(regressions) .   Although  the  capital  additions  data  is  confounded 
with  plant  aging  effects  and  with  changes  over  time  in  the  size 
of  the  average  plant  (in  MW)  effects,  real  (i.e.,  above 
inflation)  increases  of  15%  to  20%  per  year  are  indicated  by  the 
data. 

These  earlier  analyses  (done  for  the  New  Mexico  Attorney  General 
in  1986)  described  above  have  been  updated  for  the  present  study, 
as  described  in  previous  sections  of  this  report. 


7.2.2   Analysis  by  Stephen  S.  Bernow 


Stephen  S.  Bernow,  an  analyst  working  with  ESRG  in  Boston,  has 
also  performed  a  detailed  statistical  analysis  of  national, 
industry-wide  nuclear  O&M  and  nuclear  capital  additions  data. 
Mr.  Bernow  projects  real  increases  in  nuclear  O&M  costs  (i.e., 
above  inflation)  of  about  3%  per  year  for  the  next  15  years,  and 
has  summarized  past  national  data  for  the  years  1970-1985  as 
having  increased  at  11.5%  per  year  above  inflation.   Ref.  (2),  p 
22;  Ex.  SB-5.   Similarly,  Mr.  Bernow  projects  real  increases  in 
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nuclear  capital  additions  (i.e.,  above  inflation)  of  2.3%  per 
year  for  the  next  12  years,  and  has  summarized  past  national  data 
for  the  years  1970-1985  as  having  increased  at  13.4%  per  year 
above  inflation.   Ref.  (2),  pp.  32-33;  Ex.  SB-9. 


7.2.3   Analysis  by  David  A.  Schlissel 


David  A.  Schlissel  has  reviewed  the  statistical  projections  by 
ESRG  of  2-3%  real  increases  in  nuclear  O&M  and  nuclear  capital 
additions  in  light  of  past  actual  experience  and  in  light  of 
past,  present,  and  future  NRC  regulatory  requirements.   Ref.  (3) 
Mr.  Schlissel 's  opinion  was  based  largely  upon  a  review  of  the 
likely  future  costs  resulting  from  present  regulatory 
requirements  and  resulting  from  future  regulatory  requirements 
that  will  result  in  turn  from  present  research  and  regulatory 
activities  and  reviews.   Mr.  Schlissel  concluded  that  continued 
real  escalation  (above  inflation)  was  indeed  quite  reasonable  in 
light  of  regulatory  activity. 


7.2.4   Conclusions 


Persistent,  extremely  robust,  and  widespread  increases  above 
inflation  have  been  experienced  by  the  U.S.  nuclear  power 
industry  over  the  last  two  decades  with  respect  to  both  nuclear 
O&M  and  nuclear  capital  additions.   Independent  statistical 
analyses  tend  to  indicate  continued  real  increases  above 
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inflation  for  both  of  these  types  of  costs,  and  the  analyses 
appear  reasonable  in  light  of  present  and  expected  future 
regulatory  requirements. 


7.3   BECO  Projections 


Although  BECO  projects  an  extremely  optimistic  capacity  factor  of 
70%  for  Pilgrim  1  for  the  years  1988-2012,  which  might  be  taken 
to  imply  a  relatively  optimistic  projection  on  BECO's  part  of  a 
relaxation  (or  at  least  a  stabilization)  of  NRC  regulatory 
requirements,  it  is  interesting  to  note  that  BECO's  capital 
additions  and  O&M  projections  are  not  particularly  optimistic. 
For  the  year  1987-2012,  BECO's  projections  of  net  capital 
additions  (in  current  years'  dollars)  are  as  follows: 


1987 

$150.0 

M 

1988 

$  40.0 

M 

1989 

$  40.0 

M 

1990 

$  70.0 

M 

1991 

$  40.0 

M 

1992- 

■2007 

5%  gro* 

ft) 

2008- 

•2012 

20%  rec 

iu 

in  current  $ 
Source:   Ref.  (4),  Ex.  1. 

Similarly,  for  the  year  1987-2012,  BECO's  projections  for  nuclear 
O&M  expense  (in  current  years'  dollars)  are  as  follows: 
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1987  $  96. 5  M 

1988  $  99.0  M 

1989  $106.5  M 

1990  $119.5  M 

1991-2011       5%  growth  per  year  in  current  $ 

Source:   Ref.  (4),  Ex.  1. 

It  is  interesting  to  note  that  BECO's  net  capital  additions 
projections  exceed  BECO's  depreciation  projections  for  all  years 
through  the  year  2000,  which  means  that  Pilgrim  1  net  year-end 
plant  in  service  is  projected  to  grow  through  the  year  2000  (to 
$774.0  M  in  2000)  and  to  only  shrink  slowly  after  2000  (e.g.  to 
$700.0  M  in  2006  and  $494.1  M  in  2009). 


7.4   NRC  Research  Programs  and  Regulatory  Activities 


7.4.1   Research  Programs 


Four  general  lines  of  research  over  the  last  6-8  years  have  been 
performed  or  sponsored  by  the  NRC  that  bear  generally  upon  the 
question  of  the  future  direction  and  scope  of  NRC  regulatory 
activities. 

First,  the  NRC  has  pursued  a  line  of  research  related  to 
quantifying  safety  goals  and  to  applying  cost-benefit  analysis  to 
safety  regulation.   See  refs.  (5),  (6),  and  (7).   This  line  of 
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research,  if  followed  in  actual  regulatory  activities,  would 
probably  tend  to  slow  down  the  increase  in  regulatory 
requirements  because  the  application  of  cost-benefit  screening 
criteria  upon  proposed  new  recation  of  cost-benefit  screening 
criteria  upon  proposed  new  regulatory  requirements  would  increase 
the  burden  of  proof  upon  parties  advocating  increased  regulatory 
requirements.   However,  it  does  not  currently  appear  that  cost- 
benefit  type  criteria  will  be  applied  so  as  to  actually  hinder 
regulatory  requirements  based  upon  traditional  engineering 
judgment.   It  seems  that  the  value  of  safety  cannot  be  adequately 
quantified  by  the  current  state  of  the  art  so  as  to  permit  cost- 
benefit  analysis  of  regulatory  requirements  to  be  successful. 

Second,  the  NRC  has  pursued  a  line  of  research  aimed  at  improving 
the  quality  of  probabilistic  risk  assessments  (PRAs) ,  the 
quantitative  studies  that  attempt  to  calculate  the  probabilities 
of  various  severe  accidents.   See  refs.  (8) ,  (11) ,  and  (26)  - 
(31) .   Recent,  more  detailed  PRAs  have  not  tended  to  reduce  the 
estimated  probabilities  of  severe  accidents  and  have  not  tended 
to  narrow  the  uncertainties  associated  with  those  probability 
estimates. 

Third,  the  NRC  has  pursued  a  line  of  research  related  to 
improving  "source  termH  estimates,  which  are  estimates  of  the 
expected  amount  of  radioactive  materials  which  would  be  released 
by  various  types  of  reactor  accidents.   See  refs.  (9),  (10),  and 
(12)  -  (25) .   This  line  of  research  has  tended  to  reduce  the 
estimated  amounts  of  radioactive  materials  (the  "source  terms") 
which  would  be  released  by  various  accidents.   In  general  terms, 
but  for  the  failure  of  the  line  of  research  (labelled  second, 


above)  to  produce  smaller  accident  probability  estimates,  the 
success  of  this  third  line  of  research  in  producing  smaller 
source  term  estimates  would  have  tended  to  reduce  the  pressure 
for  future  additional  regulatory  requirements. 

Fourth,  the  NRC  has  continued  to  review  and  study  the  problems 
related  to  various  GE  BWR  containment  designs,  particularly  the 
GE  BWR  Mark  I  design  employed  at  Pilgrim  1  and  at  about  two  dozen 
other  U.S.  nuclear  power  plants.   This  course  of  review  and 
analysis  has  not  yet  resulted  in  the  formation  of  a  formal  NRC 
rulemaking  proceeding,  but  the  general  trend  of  work  done  to  date 
seems  to  be  in  the  direction  of  requiring  substantial 
modifications  to  the  Mark  I  containment.   Two  of  the  earliest  . 
generic  unresolved  safety  issues  (USIs)  related  to  BWR  Mark  I 
containment  upgrades  (USIs  No.  A-6  and  A-7) ,  and  produced 
substantial  upgrade  requirements  for  all  Mark  I's  in  the  late 
1970s  and  early  1980s.   See  ref .  (33)  .   Since  these  two  early 
USIs  affecting  Mark  I's,  it  appears  that  a  significant  amount  of 
additional  information  has  accumulated  to  the  effect  that 
substantial  additional  improvements  to  the  Mark  I  containments 
have  to  be  made  to  minimize  the  chances  of  a  release  of 
radioactivity  (i.e.,  a  breach  of  containment)  in  the  case  of  a 
serious  loss  of  coolant  accident  (LOCA) . 
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7.4.2   Regulatory  Activities 


The  NRC  is  continually  engaged  in  reviewing  licensee  event 
reports  (LERs) ,  inspecting  operating  nuclear  power  plants, 
conducting  research,  issuing  research  reports,  and  promulgating 
regulations,  regulatory  guides,  and  generic  letters.   In  a  most 
general  sense,  the  NRC  manages  generic  research  and  regulation 
through  the  unresolved  safety  issues  (USI)  process.   See  refs. 
(32)  -  (34) .   Two  examples  of  this  process,  relevant  to  Pilgrim, 
will  illustrate  this  process. 

First,  with  respect  to  fire  protection  regulations,  the  NRC  first 
focused  on  the  necessity  of  more  formal  regulatory  scrutiny  of 
fire  protection  measures  immediately  after  the  fire  at  the  TVA's 
Browns  Ferry  plant  in  1975.   A  fairly  comprehensive  set  of 
regulatory  requirements  (CFR  Part  50,  Appendix  R)  were  developed 
by  the  NRC  by  the  late  1970s.   Many  nuclear  power  plants, 
including  Pilgrim,  are  still  in  the  process  of  complying  with  the 
fire  protection  regulations  of  Appendix  R  in  1987.   Indeed,  one 
of  the  major  upgrading  efforts  by  BECO  during  the  current 
extended  Pilgrim  outage  has  been  to  attempt  to  finally  achieve 
full  compliance  with  the  NRC's  fire  protection  regulations. 

Second,  with  respect  to  GE  BWR  Mark  I  containments,  the  NRC 
initially  required  upgrades  for  all  Mark  I's  as  a  result  of  USIs 
A-6  and  A-7  in  the  early  1980s.   However,  evidence  has  continued 
to  accumulate  that  Mark  I  containments  still  have  unacceptably 
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high  probabilities  of  containment  failure  during  major  loss  of 
coolant  accidents  (LOCAs) .   BECO  has  made  some  containment 
improvements  at  Pilgrim  during  the  current  outage,  apparently 
attempting  to  estimate  what  potential  new  solutions  to  the  Mark  I 
containment  problem  will  be  required  by  the  NRC  in  the  next  3-5 
years. 


7.5   Potential  Future  Regulatory  Requirements 


Continued  regulatory  attention  to  the  problems  inherent  in  the  GE 
BWR  Mark  I  containment  seems  highly  likely.   PRAs  continue  to 
indicate  unacceptably  high  probabilities  of  Mark  I  containment 
failure  in  the  case  of  serious  LOCAs.   Numerous  types  of  upgrades 
seem  either  likely  or  possible.   Hydrogen  detection  and  igniting 
systems  to  prevent  hydrogen  build-up  and  hydrogen  explosions  may 
be  required  to  be  upgraded  in  various  ways.   Pressure  venting, 
and  vent  filtering,  may  be  required  to  be  upgraded.   The  design 
of  certain  parts  of  the  concrete  containment  itself  may  require 
modifications.   Parts  of  the  design  of  the  suppression  pool  may 
require  modification  and  upgrading. 

It  should  be  emphasized  at  this  point  that  the  NRC  has  been 
resisting  pressure  to  require  Mark  I  containment  upgrades  at  a 
generic  (all  plant)  level  for  several  years.   During  this  time, 
the  sentiment  within  the  NRC  professional  staff  appears  to  be 
increasingly  on  the  side  of  requiring  a  Mark  I  containment 
rulemaking  proceeding,  and  the  pressure  for  NRC  action  on  a 
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generic  level  seems  to  be  growing,  both  from  within   and  without 
the  NRC.   The  industry's  opposition  to  any  new  generic  Mark  I 
upgrading  requirements  has  staved  off  NRC  action  to  date,  but  it 
seems  somewhat  unlikely  that  this  opposition  can  continue  to  be 
effective  in  light  of  increasing  unanimity  at  the  NRC  staff  level 
that  the  Mark  I  containment  issue  needs  additional  attention  in 
the  immediate  future. 


7.6   Conclusions 


1.  Past  national,  industry-wide  experience  over  the  last  20 
years  has  revealed  a  remarkably  persistent  and  robust  growth  in 
real  terms  (above  inflation)  in  both  nuclear  O&M  expense  and 
nuclear  capital  additions.   These  cost  items  have  escalated  at 
real  rates  of  15%  to  20%  per  year  over  extended  periods  of  time. 

2.  Nuclear  O&M  expense  and  nuclear  capital  additions  have 
increased  in  the  past  due  to  persistent  ratcheting  in  NRC 
regulatory  requirements. 

3.  Future  cost  increases  in  nuclear  O&M  expense  and  in  capital 
additions  are  highly  likely  to  continue,  due  to  future  compliance 
with  existing  NRC  regulations,  regulatory  guides,  and  generic 
letters,  and  due  to  future  compliance  with  future  regulations, 
regulatory  guides,  and  generic  letters. 


-  81  - 


4.   Continued  changes  in  GE  BWR  Mark  I  containments  are  one 
example  of  an  area  in  which  future  regulatory  requirements  seem 
highly  likely. 
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26.  $  l*il!i:r 


2.7 

64.1 


2.9 
67.2 


- 
. . . 

■       4. 


-   I    w 


p«j  c 


-;  5 

...  .■ 


•    ■.  c    •> 


MA    1 

.  .      .  . 


■  - 


■  B         ...      ■>  .  . 


119.0        149. 


140  ■>  •: 


'.    1 


....  ' 


IOC    ■> 

1  w  v.    ■    - 


a*    a:     . 
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-*r": 


jay 


*  li" 

iC'3 


-.   re;;-.-;  •:'  - 
5.  ?k*  «c:t;ar«s 
E.  E*j  af  Yea' 


1541. s 

l£i£,4 

■  TC     C 

;rr?.3 

i  ,',c 

1C3 

114 

119 

1f-:  - 

L 753.5 

1669.3 

1968.  i 

QQJ 


. .-   .  - 


2240.9      2275.6 


--c    c 

>  .       fa  .  fa 


1CI'       I 

fafa    .fa-.      I 


A-us'-lre-.  Defs-riaticr, 
fa 


-*  '*  ■ 


...     fa  -r     .  . 

E..  J    .  t    tf .  , ,. 


vi    "Tk       »  an  .     i  ;  ?a'    t."  -  . 


ill.1 

79£.7 

901.0 

1031.2 

: 1BO.7 

1354.6 

156C.C 

for  a 

114.3 

*   -   '■     »    aW 

j  40  c 

172.S 

20:. 4 

2 "" . .' 

73£.7 

901. C 

1031  ? 

.Vul ■ fa 

US0.7 

1354, £ 

1560.0 

I 809. 4 

fa  .  -  /  .  u 

ec-.    ^ 

t. ;.  / 

354.6 

5j3.  1 

-4    '.              1      W 

'  w  *  .  4j 

630.9 

556.2 

^C  .    1 

W  1  Z  «  7 

o.« 


J.    el     Fc    r    :-sir    :  ir*: 


ill      .  *?     T 


M;-i»- jl ;     ♦ 


-re 


Nu:Uar  "u*: 


14,  Average  Rate  P.se 
14A.  BE22  Portion 


1  --C    7 

•  -1 .  j 

.  -.  J  .  fa 

11 

1*  h 

n  <  1 
J-  .  fa 

66.: 

57.2 

TC      4 

,'  J.  » 

77S.S 

773.3 

785.6 

534.1 

563.7 

ww  7a  Ik, 

.  ?     7 

it   - 


fa"74        I 
wl  7.  7 


-  _-  i ,  b 
54.2 


765.9       757.6 


J..  .   4. 


-36.7 

>  y .  0 

04    "> 


/  >.  .  .  4 


'  f      1 

4!  .£ 

-  -  •  «. 


6 


5=  ' 

Ww  a   a 


waW    •  0  *JWi   - 


66.3 
42.7 


7Q«     C 

JJ..U 


v 


522.1         71.3 


c?    c 

•JW.  J 


*  .  .  4,  . 


15.  Return  :r.  Pate  Base 

17,  C -■?-«£■  i  at  ion 

a  w  1  J  A I         b  A  |f  7   !  9  T  9 

1:.  !n?fa'a-:?/3ve'head 

20.  Local  Ta«es 

21.  re::is;s3:cri"s 


m  -  ■       M  -  .  *        ..3a 


A.   :*'.:s/fw.fc  Rate 


£0.4 

60.4 

£0.9 

1-3    0 

.   .  #  w 

54. £ 

51.0 

40.5 

c    ; 

.  1  . 

•a       •  . 

22 .  £ 

22. c 

1  ">  *? 

22.0 

20.4 

19.1 

15.2 

1 

*.  •   a 

•  rr 

75.7 

£5.7 

97.7 

112.2 

120.4 

'.54.1 

107  1 

.Ci  1  1 

::3.£ 

~  .   .  •  * 

i*    - 

iji  n 
1  "j.  4. 

157.0 

in  ,-. 
1   .. : 

*  r  z  '* 

-    VC      1 

fa  .  fa.  J 

224.0 

244,0 

255.6 

235.3 

::; 

jS.  0 

i  -^      f 

■  :    > 

tC.  t 

50.7 

55.4 

60.5 

65.9 

71.7 

77   Q 

1   1  •   i 

■  1  c 

10.3 

10.3 

<  f>    i 

9.7 

9.1 

8.2 

£.3 

4.7 

22.9 

22.8 

24.9 

25.9 

27.0 

^0  t 

^0    * 

™  7 

•^^   ft 

wfa  .  V 

■  ;  - 

18.0 

18.2 

20.5 

20.5 

hai    J 

22.9 

25.0 

faW  •    J 

-fa       • 
fa  1    .  '. 

...  ■ 

001   c 

-   4   *    .    U 

420.4 

455.1 

tXm       -j 

cv  a 

w  w  v  <    -f 

£23.4 

£92.4 

f.  -    ■       ■ 

-  ■.  -  - 

16.67 

17.90 

•  0  ?c 

-\  . 

....        .    . 

*   .      *•  * 

-  r    ?e 

-     -.  - 

25. :' 

f?fl :-e:e";  Ei*rgy 
?::  pr;:fa  =!,  Supply  =1) 


15.  Cert.'i.h 
2£.  l  Rill  ion 


£.5  7.4 

174.5 


*  cr   c 

■  Jviw 


10.8         12.  'J 

■■=•■>  0        ""v   0 

»    -    J    %     W  44.    W1     I       •     W 


*  ?    e 


'  *    C  *  - 

,4lO  4  W  •    , 


•2.9 


,  *■   •, » ...  1. . 


e?:a:?r.r-t  '.3;  =  :: 


■t  i 

I    ■    4 


IC.5 


aw.i    t  hYuit)  WW  *  I    J 


2?2.8       233.3       300.6 


MM    .    I     " 
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p-    :o'm       _:r   7    •:::.-    ■ »: 


■    -i 


'>  •".  v 


Sf'*ri?i;--    ■"•,"-•:      2,2*1 
Flirt-l'-MrviC* 

*.  Beginning  o'  Yti* 

w.    I»n    --■.  I  w  1  ■-  *  3 

E.  End  of  v-ar 

accuaulatad  6*pr*c.«t:5n 
7.  BagiriKing  cf  Y*ar 
£.  Afviual  Depreciation 
S.  En:  Df  V^ar 

:ti't'  °5vr  3ii*  !t#!  ! 

11.  C«f*rr*d  ?*sm 

...  iii  .  e  .  e  .  2  a  2.ff..r; 

13.  Nucltir  r-rl 

14.  Average  Pat*  Base 
14A.  9EC0  Portion 

15.  ?ttum  Of  pat*  B£=e 

16.  Inccs*  Taxti 

17.  Dapr#:is*.cn 

!3.  C:<"  Expenses 

1;.  '^aU's'iCr/Cver'-Jad 

:c.  Local  TaxM 
::.  Caconi3sioning 
...  Fuel 

22.  Annul  Coit 

P*pIac*Mri  Entrgy 
Ml  Br:;e  =!,  S.pply  =1) 

2!.   :*r*|.-7wh 
A,  i  ft i  1 1 i o- 

.    .    **r  .a. ...  <r.i.    .  .r  a. .    ; 
-:     u.i    •... 

• :         .  .     -..4.    ,  -    «     -  t    -..,*..'     r... 


H 


I"','"       ;f.c;:: 

•  i 


219.4 

133.7 

!0*.6 

ftSS.S 

391.3 

-    -    -     ■      - 

671.6 

i  w  i  •  w 

61.3 

5C.5 

141.2 

114.6 

109.2 

87.7 

2345.8      1899.2 


7=10   7  e4"*   & 


•  227  4 


■   - 


*  .       •• 
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-;_I    'inn        «    m  ■  1     .it..  •n.ri.'w 


Pi' 


Ni  »     C '  j  -  *  r  i  -  a  '      Cn^r  <••■     f  •■  •  •      '    '  *  -     Hi  '  -  •    -  >•      t  ft  '  DC     r  '  1  •  **7    <1"><J    Q 


">7  o-'Ci  a«? 


27  art]  ->o; 


Hours  [23: 


Rated  *apab;Iit)  ■!'; 


328 


£70 


n.c'ajr  Capacity  Factor  [41. 


68.235 


53.84: 


Notes:  Cll  Data  through  19S2  ?roi  Ku-:lear  Power  Plant  Operating  Experience, 

December,  1579  through  January,  1985.  Data  after  19S2  froi  Licensed 
Operating  Peactars,  January,  1994  through  November,  1986. 
[2:  8750  per  year  for  8.83  years. 
[31  Frei  MEPOQL  CELT  Report,  1?55,  winter  rating. 
[4]  Calusn  [1]  divided  by  Coluan  C23,  divided  by  Colusn  C31. 
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?ES'J'.T3  rr  PEG-;;;."?'-:  CN  rw:   '~.!>; -'.'."*   FK*Z:    (}a»* 


Constant 


Elation  1 
Co*f    t-stat 


Equat ; ;n  1 
Co*f  t-stit 


62.73*       6.7  74, 361,      7.' 


Equitioi    3 

Coef    t-st=t 
67.99:       6.6 


E:.ii    :-  i 
l-Stit 

74.341       7.5 


:12r 


3T10C0 


41  Jwfi 


4. 


iV 


......  ^    .       1 


"    '3  C  " 


v?iv  Indicators 


Pcst-1979 


2.1 

-2.74X 

-2.4 

3.9 

3.482 

3.4 

4.1 

-il.92t 

_c 

13.151 

2.8 

1990      -4.39:         -1 


1991      -7.47:      -1.7 


fM'1      -o  ?«x      -''  1 

i    J  -   *»  -    »    w  *  *  fell 


1933    -12.091     -2.8 


.  r .  ~  .......  "♦  •  J 


---'.".  -  to 


r-Sratistic 


Cts*rvatio«i 


0.169 


5.4 


216 


2.C6:  0.5 

-5.101  -1.3 

D.  .  -  »  £ 

'5U.I3*  ».'* 

-20.391  -5 


0.199 


D  •  - 


».'•■*         4,  .  4 


4  "i"    i  ' 


.0  *■•<    .?  fl 


o  701 


•li. 301  -4.2 


0.144 


[81   213 


3.2 


.:-; 


-2.631 

;.on 

12.89: 


■2.3 


. .  . 


-4.6 
J.7 


•11.94:   -4.6 

0.170 

9.7 

[|]    213 


k  •  *  i  r  ■ 


1]  SIZE  =  Design  Electrical  Rating  (DERI  in  hundreds  of  ft!. 

2]  AGE5  =  iinnui  of  A3E  (years  fros  COD  to  uddle  of  :u^r#r.t  ftar>,  or  5. 

3]  Pefuel  =  nunber  of  refuelings  in  year  (usually  0  or  1). 

[4]  6T1C00  =  1,  if  SIZE  >  1000,  0  otherwise. 

[51  Indirator  =  1  in  this  year,  0  otherwise. 

f6!  1930  ;r  lattr. 

[7]  Full  calendar  years  of  BliP  operation,  >3W  W,  1974-54. 

C83  Excludes  Browns  Fen-;  1975-76. 
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.  =  ..-  :■:-.•    '.:■-"'. 


:-  :  .-'■■ 


■  ; 

:  .  :  "  -  •  ! 


:    -  - .  * : 
:    -    : 

•:  i 


lilt  bout 


n  cm        :      "  *  ■ 

.. .  :    »       ;.  .      •. 


-  : '  •      ;  •    :  -  - 

-  •  .  . .      . .    . .  i 


6-    ■ 


:  ■    -  -  - 


13 .  541      z.."* 


K.     ■-     :.     .: 


e  in 


:   :-.: 


- 


-:   m       39   I   I 


»5  JK     :*    E". 


::    :- - 
.  .     .  .  « 


5; :  • 
-    : . 


:-    -• 


15    ::     54.573 


"-  -.  - 


E  -;• 


X::*s;  tl]  blodatri  to  i  655  W  DO  ait  ritt  C03  in  D*:M:r-     :•":. 
:-:  SB  iapacitj    a:::-  ttdtiaked  :;  3B  VC    BSS  -1"    . 


-::?- 


Results  •:'  Fec/tiS'.or:  9f 

Vt.  Unit*  3iM  Data 


rear 


Actual  2*- 

-- 

c-. .. _ 

3ata  '■:■■ 

'"-•        ::ale!  :: 

-'•  : '  - 

vt.  ivku 

F.< 

y-ii.:-         Pilgrii 

K«fi«!i! 

(•19831 

[IS9I3!         t*1933) 

[an 

[13 

[2]               [31 

r  4  1 

•  r  s  f  i  n  * 

(232,953) 

1973 
1974 

10,094 
10,651 

5,022 
8,293 

*ear 

3,260 

1975 

13 

•  J  i 

11,543 

1976 

--i 

S74 

14,803 

:  Squared 

0.911 

1977 

15, 

>30 

18,063 

1978 

16, 

021 

i  <     *>  •  m 
i.  1  ,  w-  - 

1973 

18, 

24,583 

19S0 

27, 

JS  1 

*  w'. 

27,843 

1911 

--I 

439 

31,1)3 

iss: 

w  w  | 

060 

»  4       tCf 

J**  ,  www 

1383 

♦&i 

-        ,   w.  w 

1984 

41. 

643 

40,8c; 

1365 

«3, 

252 

•.  —  L 

44,142 

1996 

47,402 

1987 

50,662 

41,820 

48.5B7 

1988 

^4,521 

54,506 

19E9 

5", 192 

-        ,   ..  w 

£0,922 

1990 

60,442 

49,905 

67,6^2 

1991 

63,702 

52,596 

"5,296 

1992 

66,962 

55,28e 

83,534 

1993 

70,222 

5^,980 

-  -  j  Mi 

1994 

73,482 

60,671 

io:,=35 

1995 

76,742 

Dw , joj 

112,096 

1996 

10,002 

66,054 

123,168 

1997 

62,262 

69,746 

135,109 

1998 

96,522 

71,438 

147,980 

1999 

89,782 

1 t, *^: 

161,848 

2000 

93,042 

It, 321 

176,782 

2001 

96,302 

79,512 

192,957 

2002 

99,5£2 

a  ■*   " 
a., .. .  - 

•>  *  .  ■    ■  -  - 

• 

2003 

102,822 

3-,-rb 

228, '53 

2C04 

106,062 

C*    c3', 

24:, 75: 

2005 

1  AQ    M«i 

4  *   -  i   •#      •* 

90,279 

270,239 

2006 

112,602 

92,971 

-  .  -  t  Ww"» 

2007 

115,362 

95,662 

319,114 

2COS 

119,122 

98,254 

0-»*,  lit 

:'-=:  [.!  "-.;•„  FEF.C  r-: rat  1  o»  equivalent. 

!2!  2!"  projeriiaris  free  the  regression  equation. 

:3!  CoIum  C2?  Kultiplied  by  75Z,  to  calculate  BECO's  share.  Multiplied  -y  i587/5£2>\49 

::  .djist  for  trie  :.'}-r  size  of  Pi'.jrii  in  relation  t:  Verier*  Yankee. 

.4:  13  :he  coefficient  for  HW"Jr.it  in  the  recjressior  e;.a:i:r  •':• 

isiicia!  data.  See  "able  4.2.2. 
N:  C:!u:     [23  ea.aiatea  thrcajn  192.  with  ►»,«  ^M0  inf.ator,  are  at  5.41  thereafter 
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r" 


;r 


;rrcrj*\'C  •>»;  "»m  j***  a   n--r:-.-  y^,   ,,j-- 


Eij-iti: 


Eq, 


Co*f  t-stsi    Ccef  t-stat 


:ck:s'ANT 

-2.12 

-7.94 

in(MH)    C2I 

0.53 

21.15 

inCJMTS) 

0.03 

0.56 

-EAR  [31 

0.11 

23.62 

:n'WJ/unit) 

— 

— 

__ 

__ 

2.12   -7.94   -2.12   -7.94   -2.19   -8.77 


0.11   28.62    0.11   31.24 


CI 
I  Jo 


:i.!5    0.45   20.23 


0.2S   8.73 


Adjusts  R-sq. 


0.85 


0.85 


0.87 


*"  statist:- 


Ml)  O 


103** 


1C32.2 


904.3 


N:t»s:  '1j  The  dependent  variable  in  each  equation 
is  ln'nor.-fuel  0W  in  1983$) 
[21  HW  =  nuiber  of  H*;aWatt  in  H6K. 
[32  V£AP  =  Calendar  vear  -  1900;  e.g.,  1985  =  85. 
[43  NE  is  a  dcimy  variable  which  leasees  whether  the  plant  is 
located  in  the  Northeast  Region  (defined  as  Handy  Whitman's 
Ncrtn  Atlantic  Region). 
NE  =  1  if  located  in  Northeast  Region,  0  ;f  elsewhe-e. 
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:■.  c:::e:t:2v?  cr  mczk  o-hjel  3^  Er:E-.3E  r::  f:.:::-  * 

r-:-  :;.>*:  :^  I"  <Tibl*  *.2.2^,  Rtg'Hiioi  :r  national  ?ita 

•-  -•.,-.-  Pis'    ■••-  -■)  rt'OMi  LJp*a»  ?-v   '"■-.*»•, 


$1933 

PE!3 

(1  Dn.t) 

Ncmr.al 

Shi'? 

!1] 

[2] 

[3] 

1387 

$64,896 

$75,375 

$56,534 

im 

$72,662 

188,957 

166,718 

1999 

$31,259 

1104,983 

$'5,727 

1930 

$91,097 

»...J,C7J 

$92,921 

1931 

$101,999 

$146,215 

$109,661 

*  *  *•  • 

t<  1  i  v.? 

$172,555 

$129,416 

1992 

$127,876 

1202,640 

J-C-*  7*JQ 

1994 

Ii4?,t81 

$240,225 

$180,244 

'  '':5 

1150,317 

$253,619 

$212,714 

kq; 

•179,503 

j??4  7»2 

$251,034 

*  C  -  "* 

1200,929 

1395,010 

$296,258 

»  J  ¥  tjfl 

$225,044 

$466,170 

$349,628 

1999 

$251,978 

$550,150 

$412,612 

2000 

$282,136 

$649,258 

$486,944 

2001 

$215,304 

$766,220 

$574,665 

2002 

$253,712 

1904,253 

$678,190 

2003 

$396,046 

$1,067,152 

$800,364 

2004 

$443,447 

$1,259,297 

$944,547 

2005 

$496,521 

$1,436,274 

$1,114,705 

20?e 

$555,946 

$1,754,022 

$1,315,517 

-.  .••  r ,  -» 

$622,4:5 

$2,070,005 

$1,552,504 

2002 

$696,986 

$2,442,911 

$1,822,164 

,-  f  ie<  '  1 

1  W!J=CP7   M 

r  -  rt   l?*ita 

-   i 

1352$      Neural 


EEC3 
Sha'e 


[41 

[3] 

[ft] 

$£4,836 

$-5 

278 

$5£,524 

$72,662 

$59 

957 

$66,718 

130,430 

$102 

733 

$77,837 

$86,197 

$113 

Mi 

4  J  • 

IS:, 963 

$95,964 

$13' 

,552 

1103,172 

$102,73: 

$156 

'26 

1117,544 

$111,498 

$177 

558 

$123,168 

$119,265 

$200 

182 

$150,127 

$127,031 

$224 

7^0 

$".£5,550 

$124,798 

$::; 

351 

$199  513 

$142,565 

$280 

!C3 

t  "■  •  ;'.    ■  1  - 

l.*0, 142 

$150,332 

$311 

408 

$222,556 

$158,099 

$345 

182 

$258,557 

$165,966 

$381 

696 

1286,272 

$173,633 

$421 

146 

$215,859 

$181,400 

$4£2 

744 

1347,808 

$189,167 

$509 

714 

$282,256 

$196,934 

$5:S 

217 

$419,473 

$204,701 

$612 

749 

$459,562 

$212,465 

$670 

342 

$502, 75? 

$220,225 

269 

$549,1" 

$228,002 

$799 

140 

»  ~  .  .  ,  WW  J 

[2:,  [5]  Escalated  through  1986  at  6NP  inflator,  and  at  5.4:  tfcertifttr. 

[32,  [6!  Noainal  value  aultiplied  by  751,  BECO's  share  of  Pilgrn. 

[4]  Fro.  1930,  projections  increase  by  difftftnci  b*tw*f«  1959  and  1359. 
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suits  :;  Regress: J'  or 
Pilg'ii  DM  Data 


Constant 


(296,169) 


Actual  :t¥ 


Year  fl!9S2) 


El] 


KfC  **ctic:  CCS 

C-*-   *  -  r .-  - » 

pi!grn  Hoima! 

11982)  Delia's 


m 


'  <  •> 


Yea' 


?  SCu3'cu 


0.922 


1974 

17 

527 

11,027 

1975 

12 

565 

15,179 

1976 

065 

19,330 

1977 

*«J 

556 

ri  401 

1378 

20 

210 

2,,623 

1979 

24 

229 

31,784 

198C 

W  W 

5:4 

WW  I  J w  w 

1981 

38 

526 

40,067 

1982 

44 

066 

1983 

47 

276 

43,259 

1984 

33 

772 

52,541 

1985 

57 

070 

55,632 

1586 

55, 

363 

60,843 

1357 

64,394 

48,746 

56,620 

1988 

69,146 

51,859 

62,483 

19e9 

73,297 

54,973 

70,925 

1330 

77,448 

59,086 

79,000 

1991 

81,600 

61,200 

87,729 

1992 

85,751 

64,313 

97,170 

1992 

89  302 

67,427 

")7  175 

1994 

34,054 

70,540 

118,400 

1995 

38,205 

73,654 

130,202 

1996 

i'.'i,  wJO 

76,767 

142,143 

1997 

106,508 

73,951 

156,992 

1998 

110,653 

82,994 

171,919 

1999 

114,210 

86,109 

139,001 

2000 

118,961 

89,221 

2001 

122,112 

92,325 

223,356 

2002 

127,264 

95,442 

244,009 

2003 

131,415 

36,562 

265,575 

2004 

125,567 

•  v  i ,  O  i  - 

283,759 

2005 

123,718 

104,768 

313,671 

2006 

143,869 

107,302 

340,423 

2C37 

MS.021 

111,015 

359,170 

2008 

152,172 

114,123 

400,018 

Vt?s:  [I]  rr.:r  FERC  Fori  1,  or  equivalent. 

12]  05*  projections  froa  the  regression  equation. 

:■:  '5:  of  coiuu  [::. 

[4]  CcltfM  [3!  escalated  at  GNP  ir.flator  through  19=6,  and  at  5.4:  therafte-. 
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,:.!:  5--4f  ;r  PROJECTIONS  0'  ANNUAL  KW-F'JL  CV  E*:EN3E  r3?  pilssh  s  '-:. :am^S) 


Peal  1363  dollars 


Hot; 


.1 1 


3'S 


3;t:t:sti:      [»pro*ec 


Mistori* 


Qptitiii. 


:■»?- 


.  ;  .  . 


-  :  :  i  :  ■ 


Vt  Vwlee        Average         Rational    Pilgrii 


Vt  Yankee    A.c-age    sr      ;..;'.t 


.r  i 


ea>' 


■98$ 

*  *  *  -■ 

•ki 

•  -  -  I 


1995 
199s 

l?r 
1998 
1999 
2000 
2001 
2002 
2003 
2(0- 
2C05 
2006 

2008 


m 


[2] 


[2]     C4] 


N:1*: 


[2 


[4 


[6 

ro 

4  J 


44,521 

"•  ■  ,  -i- 

49, 505 
52,596 
55,2i3 

J  /  -  -  '. 

Crt  C" 


££,054 
E:,746 
71,438 
74,129 
76,821 
79,513 
82,204 
84,896 
87,587 
90,279 
92,971 
95,662 
98.354 


$48 

$5: 

$53 
$56 
!59 
$£2 
$£5 
$6= 
$71 
$^ 
$77 
$80 
$83 
$85 
$38 
$91 
$94 

$!00 
$102 
$106 


19C 
("193 

395 

89E 

?•" 

C  v  * 

703 
£06 
5:5 
411 

i  <  i 
J.J 

216 
118 

021 
924 
826 
729 
621 
534 
436 

241 


54,437 

51,859 

t  V  ,  J  4.  4, 

54,973 

66,147 

jO,  . 06 

71,973 

61,200 

77  7«o 

64,313 

67,427 

99,448 

70,540 

95,274 

72,654 

101,091 

76,767 

106,924 

79,99: 

112,749 

82,994 

118,575 

86,108 

124,400 

89,221 

130,225 

92,335 

136,050 

95,448 

141,876 

99,562 

147,  -^o: 

101,675 

i  j j,  j«.b 

104,788 

159,351 

107,902 

.  -.J  ,  4  /  ' 

111,015 

171,002 

114,129 

[5] 

[61 

54,506 

$58,937 

60,322 

$65,926 

67,672 

$72,436 

75,336 

$81,562 

62,534 

$90,232 

32,22! 

$39,354 

101,52: 

$110,117 

112,09? 

$121,195 

122,168 

1133, 1SS 

125,. 

$146,051 

147,980 

$159,350 

161,948 

1174,924 

176,732 

$191,050 

132,857 

$208,406 

210,152 

1227,081 

$24\164 

24?  7*0 

$-:r  ~c4 

270,229 

$291,93 

292,224 

$316,879 

318,114 

$243, £4: 

344,727 

$372,372 

— 


Froi  Coluin  3,  Table  4.2.1. 

Average  of  Coluans  [2]  and  (41. 

CoIum  C4],  Table  4.2.3  1   .75. 

Froi  Cclunn  [33,  Table  4.2.4. 

Fro*  Coim"  4,  Table  4.2.1.  * 

Average  cf  Col urns  [51  and  [81. 

Colut*  [£],  Tatle  4.2.3  I  .75. 

Froi  Coluu  C4],  Table  4.2.4.  Used  as  Historic  case  in  Section  2. 

trot   C.  Sustir,  letter  to  S.  Pollard,  6/8/97,  Exhibit  2. 
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OJ,  .*0 

17.1 

MWMj 
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*■.',-. 

22,459 
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711 

•ft.lv.il. 

"re    ic,-, 

1:32 

83. 

A  -1        I  fl  ft 

!::- 

■  *  r 

1££,294 

159,311 

1::5 

22,246 

1936    696,062 


.v..,  :fc* 


■■■i|    -  *  U 


-Jfl  '3 
i   15 

1   ■  Wft. 

»■•>  cq 


5.91 
16.85 
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109.68 
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i.74 

1 A     £C  n 

ft. . ,  OJ.. 
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9,693 

17.22 
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'*  'i  **  ■  5 
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T      81 
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•  •  ,  ~  -  z 
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.  -  ,  :  O  O 


17,051       54, OS 


7,70; 
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-  -  M   .       1        .,..., 

:;.    1   n.-  s^r! 


60, 3:5 


-  ■>  i»p       .jft  ii 


11    . .-, 
•■«> .  •' 


>i  •  ft  ■  -  ■ 


i-roi  -i:-.  r:ri'  1,  or  *quivai*rt. 


:2:  Deflated  at  Handy  Uhitiar  Ir»dax  throu-*.  1924. 

1955  ar^  199.  data  Elated  with  6NP  Deflator  froi 


Econov: :  Report 


C33  Ea=*d  or  "IN  Patir.g  (.635  !.«  through  1977,  and  6E7  Ml  t^er:*-1 
[43  Eased  on  r16M  cating  '552  fW). 
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'APLE  4.3.2:  NUCLEAR  CAPITAL  ADDITIONS,  1972  -  1994 


Average  by  Uir   (in  l/kw-yr) 


Single  units, 

Single  units, 

Year 

All  plants 

)   60C  »M 

300-800  m 

1372 

$1.43 

$1.92 

1973 

110.27 

$38.90 

$8.18 

1974 

$11.07 

$26.32 

$8.54 

1975 

$8.71 

$19.72 

$3.18 

1976 

$15.07 

$2.98 

$19.69 

1977 

$19.91 

$12.78 

$22.86 

1978 

$17.77 

$25.94 

$19.10 

1979 

114.32 

$16.75 

$20.39 

1980 

$27.73 

$27.97 

$37.52 

1981 

$31.66 

$28.33 

$42.48 

1982 

$29.06 

$24.30 

$44.93 

1992 

$29.79 

$26.42 

$56.38 

1964 

$42.28 

$34.45 

$84.40 

Overall  Average: 

$20.74 

$23.37 

$29.20 

(  •  of 

obs.) 

520 

127 

157 

1978-84  Average: 

$27.69 

$26.49 

$43.60 

(  I  of 

obs.) 

314 

97 

90 

198:)- 1994  Average: 

$32.29 

$28.30 

$52.14 

(  t  of 

obs.) 

224 

67 

64 
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lpi'M,.    .  . 
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iIS-. 

[f81 

r  «o"> 


ll-i.. 


Avg.   19S0-84 


1    -    1    J    » 

I  •££  7 

i  .  j  . 

<  ^c  -.n 
l  j  .  J  j 

22861 

14*78 


Peal  :-:st  -:-:t::-i  •:  1 552  I),  !  Unit, 
ET  %'  f*:N  feting)  [13:      $26,340 

BECG'a  S^a-e.      $20,130 


1387 

1333 

1390 
1931 
1332 

100*3 

1994 

1995 
^•39: 

1987 

1998 
1:33 
2000 

2001 
2002 
2C03 
2004 
20C5 
2006 
2007 
2003 


$30 

35: 

C*  ^ 

*  77 

4 

*  2  j 

561 

ill 

< 

I2£ 

509 

I3S 

373 

S3: 

"". : 

$*: 

-   - 

$*2 

$45 

0£2 

$4" 

,001 

$49 

022 

$51 

J  -  - 

223 

$55 

,622 

$58 

014 

I6C 

,508 

$62 

11C 

$65 

,S24 

$68 

65* 

$71 

606 

$74 

635 

$5^ 


125, 

,  **  < 

$:; 

'  -  r 

$27 

III 

-1  -  2, 

::: 

Hz 

"  Z" 

$21 

%  *  ™ 

$22 

«  •  • 

*  M  W 

to: 

$25 

251 

$3-: 

7«7 

s:n 

,2*8 

$?9 

A  -•  y 

$41 

71S 

$42 

510 

$45 

391 

$4" 

J-: 

™ '.  r 

J:! 

-  •  • 

M  1 

b  •  4 


Lili .  k  • 


a  £37  Kii 
2]  1:33  Calculation  sscalatad  by  the  SNF  inflator  through  1936, 

and  at  4.27.  thereafter. 
3]  "5:  of  Cel-nn  [23. 
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. .  •;    . .: 


i;  "r 


f.            ■  -  . 
".! .  • 


:>:: 


/.;:.,: 


rjj'.  5 ; 


'.'. .    Varsee 


National 


I  or 


Cv  - 


■ear 


Cll 


[2: 


r  j  1 


lapita!  Addition  for  the  Plan:  in  13c3  $:         111.! 


H6.72 


1988 

$•  3  c- 

$3-2.02 

$2?. 00 

1989 

•14.42 

>4J< i < 

$5e.42 

139.10 

1990 

11!. 04 

$26.25 

160.95 

$52.50 

1991 

115.69 

$27. :e 

$20.00 

1992 

116.36 

$29.56 

$66.20 

$31.5^ 

1993 

117.07 

125. 79 

169.15 

$22.08 

!  994 

IP.BO 

$?:.07 

172.12 

$202 

1995 

$18.57 

I32.4C 

175.22 

$26.45 

1996 

*  .  7.  -  . 

$22.60 

$"f.4: 

$26.22 

1997 

120.20 

$35.23 

161.82 

$4 

1998 

121.07 

$26. 7' 

•35.33 

$42.22 

1999 

$21.97 

$26.35 

IW.02 

$44.33 

2000 

$22.92 

$4.).  00 

192.83 

$46.58 

2001 

$23.90 

Ml. 72 

$i6.S4 

$48.90 

2002 

$24.93 

$42.3: 

1101.01 

$51.20 

2003 

$26.00 

$45.39 

$ j*. 85 

2004 

$27.12 

I1C9.88 

$36.35 

2003 

$23.29 

M9.37 

$114.6 

$33.40 

2006 

$29.50 

$51.49 

$::s.53 

$62.40 

$30.77 

$33.70 

1124.67 

$63.48 

2008 

$32.10 

$36.01 

1120.03 

$52.43 

fo:*S!  Ci:  122.4/ku  t  5!5  HB/1C00,  escalated  by  the  3NP  iifUttr  t*'*»g*  :985, 
and  a:  4.31  thereafter.  515  HM  =  .75  I  687  nu  (Piljrii  KSS  nting), 

[2]  froa  table  4.3.2.  Projections  based  on  regression  of  n',\:ri'.  iata. 
[3!  H0.74/lrw  I  515/1000,  escalated  by  the  GN"  inflator  V:.-   :3S6, 

and  a:  4.2;  thereafter.  $/kw  values  a*e  averages  f'c-  latle  4.2.1. 
[42  FYm  r.  Sustin  letter  to  S.  Pollard,  6/8/87,  Exhibit  2.  E*du:td  :: 

111  of  total  (BECO's  share). 
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•A?.-!  J. 3.5:  CALCULATION  OF  RETIREMENTS  AS  A  FEPCENTAGE  OF  MET  A:::T!2N; 


Pat:;  of 

Adjustments  Retirements 

and       Net     to  Net 

Afli-tions  Retirements   Transfers   Additions   Additions 


ym/\    c-">0  •■a< 

t**  0^0  ^0' 

0.0Z 

! :-? 

1  J;  u 

7,789,051 

7,^89,081 

0.01 

1974 

1,565,652 

4,917,515 

(2,347,864) 

-146.9: 

197! 

482,151 

482,151 

0.0Z 

1975 

5,509,050 

j~- 1 « 1 4 

4,975,836 

10.7Z 

1977 

16,445,030 

(306,086) 

16,751,116 

-1.8: 

19^8 

4,161,162 

1,673 

4,179,489 

O.OZ 

1979 

10,352,458 

1,682,794 

8,669,664 

19.4X 

1980 

67,848,214 

289,482 

57,558,732 

0.4Z 

1951 

21,056,158 

362,697 

20,693,460 

1.8Z 

1982 

74,965,407 

2,934,671 

72,030,737 

4.12 

1993 

44,89",  114 

2,767,020 

42,120,095 

6.6Z 

19S4 

167,749,578 

1  ?cc  -5C. 

1  |  WW J  1 w  J  1 

166,394,227 

0.87. 

1985 

1956 

36056212.31 

3121909 

32,964,403 

otal 

689,750,648 

17,660,240 

672,090,408 

Ratio  of 

Adjustients 

1 

Retirements 

^ECO 

and 

Net 

to  Net 

Year 

Additions 

Retirements 

Trans 

fers 

Additions 

Additions 

1972 
1973 
1974 
1975 
1975 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1955 


112,142 
527,445 

-  -  1  L  w  -  1 

5,980,069 
5,125,571 
5,272,199 
3,017,303 
5,219,725 

10  047  Vi* 

1  7,  »1'  ,  -  -  - 

7,075,606 

Wj  »  -  »  I  W  **  J 

722,484 


220,904 
(205,241) 


430,050 
145,746 
249,203 
2,755 
576,775 

432,959 
275,975 


(32,765) 
(137,735) 

514,698 


112,142 


lit 


413,30 


73,776 
(15,725? 

6,494,767 
4,695,521 
5,126,453 
2,768,100 
5,216,970 
18,670,557 

6,642,647 

5,005,370 

370,181 


o.ox 

80.7X 

1204.9: 


0.01 

9.2: 

9.07. 

0.1: 

-3  •" 
tdi  I'. 

£.57. 
.5.5: 

m  CI 

till Jl 


Total  5"', 558, 986    2,542,429 


344,198   55,360,755 


Source:  FEPC  rori  1  or  Return  of  the  Company. 
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1979 
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104 

::-: 

1983 

1    : 

122 
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139 

150 

1984 

1  *  * 

123 

1994 

149 

1985 

215 

224 

1985 

256 

;-:-: 

>0M 
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8S 

& 

1983 
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!:25 

154 

160 

;?35 

:ci 
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1993 
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1986 

264 

1996 
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■ 

• 

533 

l 

306 

1  M 

l 

1 

• 

! 

i 

1205 

538 

0 

H 

0 

e25 

1 
» 

1085 

c 

11C0 

1 

- 


1100 
1150 

-:;■ 


l 
l 
0 


( 

•  I   . 


0 

0 
0 

: 

o 

■ 

c 

. 

0 
0 

1 

0 
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fhtes:   :::  r-:*  Response  to  Interrogatory  INMAS-4-22,  N«PSC  200*. 
123  Inflated  at  SW. 


LJ 


3]  P'.?.  =  1  :f  PUR. 


[4]  '.;\  =  l  if  cheaptr  twin,  .5  if  pair  of  un;l5. 
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rAkE  4.4.1:  RECESSION  RESULTS,  TLG  DECOMn  I SS I  ON  ING  ESTIMATES 


:*i'e55ion  Output: 

Cerstar.t  -11.7049 

St:  E"  of  V  Est  0.198324 

P  squared  0.871725 

No.  of  Observations  30 

Degrees  of  Freedot  25 


Y  bed 

LNiCOST) 
($1986)  LNlM)         Year         PUR 


I  Coefficients)      0.3409  0.173984  -0.2110  -0.121 

Std  Err  of  Coef.   0.0834  0.015074  0.07932  0.1151 


LN(COST)  =  a  ♦  bdn(HH)  ♦  c(Year)  ♦  d(PUR)  •  f(T) 

Cost  =  eAa  t  hVb  t   (e\)AYear  t   (eAd)APWR  t  (eAf)*Twin 

Cost  =  8.25E-06  t  MIT. 3409  t   1.19AYear  t  .79B7APWR  t   .8917ATwm, 
where  Year  =  Base  Year  unus  1900. 
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•Ei;*::  VEAP$  3r  EXF£F!ENCE 


??*:"-c  L'r i 1 5  ir  Ord*r  jf  First  Seneratic-fi: 


1st  Elritric 

Yea^s 

IE. 54 

Generate 

Date 

Dresden  1 

15-Apr-EO 

3l-0ct-78 

Irdiar  Paint  1 

....... 

16-Srp-62 

3i-0ct-74 

Hatcldt  Bay 

12.21 

18-Apr-62 

02-M-76 

Hal  1m 

1.26 

2S-Hay-63 

Ol-Sep-64 

Ell  River 

4.44 

24-Aug-63 

Ol-Feb-68 

P-  -      • 

r  i  ^  w  a 

2.  IE 

04-Nov-63 

01 -Jan -66 

y:'Q 

18-De:-63 

0l-Jan-£7 

Bonus 

7  9 

w  •  Q 

14-A-g-64 

Cl-Jun-68 

Pathfinder 

1     <Q 

t   •    1    V 

25-Jul-66 

01 -Oct -67 

remi  1 

6.:: 

05-A:g-66 

23-Nov-72 

Peach  Bottoi  1 

7.76 

27-Jan-67 

Ol-Nov-74 

Three  Kile  Island 

0.S3 

21-Apr-78 

28-Har-79 

ri*±>  Farlv  L't'T's* 

Yankee-Rove 

26.62 

lO-Nov-60 

Big  Rock  Point 

24.55 

08-De:-62 

Source:  NPC  S'eybook. 

C13  Yea's  froi  first  generation  to  shutdown  -  longer  than 


comercial  life. 


19-Jun-S7 
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rfiwi 


«:?viss  pc::e:t:!3ns 


5s=i5! 


v*ar 


iptitistic 


PEi:  Pi  )_'«ction 


1 1 . 


Ifiprcvtd 


r  -  I 

liJ 


i  4.0 

-    -   . 


1 98? 

43,911,250 

ises 

$4,079,434 

1939 

14,254,349 

1130 

S", 42', 303 

1991 

$4,  628,634 

1992 

$4,827,665 

1993 

*  -  f   -  -  -  /  -  -  -> 

1994 

$5,251,770 

1995 

$5,47^597 

:i% 

»  -  ,   .  -  ,  .  -  - 

1037 

m  mm  1 

$5,958,79B 

1598 

$6,215,026 

1999 

$6,482,272 

2000 

$6,761,010 

2001 

$7,051,724 

2002 

$7,354,958 

2003 

S^, 671, 221 

2004 

$8,001,034 

"Of1* 

$8,345,: 20 

$8,^:3, 9?1 

2007 

19,078,242 

2008 

$:, 4£3,606 

$9 

77c 

1  -1 

lie 

,193, 

i] 

,637, 

$u 

094, 

$11 

,571, 

112 

)69, 

,538, 

$12 

129, 

$13 

,693, 

$14 

282, 

$14 

3wC 

$15 

c--< 

$16 

*  ■'-» 

$16 

902, 

$17 

,629, 

$18 

387, 

$19 

178, 

120 

002, 

862, 

$21 

759, 

$22 

595, 

$23, 

671, 

125 
584 

124 

520 

584 

162 
1  ?: 

426 

991 
833 
995 
566 
681 
525 
334 
395 
053 
710 
826 
328 
604 
515 


$15 

,645, 

$;6 

?!"7 
J  *   f 

117 

,019, 

$17 

751, 

$18 

,514, 

$19 

210, 

s: 

4  •  • 

$21 

007, 

$21 

,910, 

$22 

852, 

$:: 

,925, 

0 

86:, 

si! 

929, 

$27 

044, 

$28 

,206, 

$29 

419, 

$30 

,684, 

$32 

CO  4, 

*  m.  m 
»  -  W 

; 

$24 

615, 

mm  m 

mS  *  ^  1 

$37 

874, 

000 

298 

- 

660 
018 


286 
522 
192 
.  : 
090 
MO 
934 
S22 
385 
225 

c-  1 



884 
967 

•- j 


Notts:  [1]  Frwi  85-27,  $5,000,000  in  1986,  rising  with  construction  cost 
inflation  of  4. 31., reduced  by  251  to  reelect  lECC'i  share  :' 
Pilgrir. 

C2J  Average  of  Cptiiistic  and  Historic. 

[2]  Coliii"  [J]  x  4,  e.g.,  doubled  for  likely  increase  in  decoi- 

lissior.ir.g  cost,  and  doubled  again  for  shorter  collection  ?rr::c. 
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'ABLE  4.6:  ANALYSIS  OF  OVERHEAD  EXPENSE  FOP  YANKEE  PLANTS  (I  THOUSANDS 

Connecticut 
Yankee  Atotic      Yankee       Venont  Yankee    Ham*  Yankee 


1984   1985     1S84   1935     1984   I965     1984   1985 

1.  Other  DM  2,553    2,871  6,370    6,776  8,777    10,226         17,934    19,289 

2.  Eiploytent  Taxes: 


FICA 

1,462 

1,462 

666 

686 

724 

724 

705 

705 

Fed  Uneap. 

38 

38 

16 

16 

45 

45 

19 

19 

tate  Lineup. 

78 

78 

33 

33 

48 

48 

63 

63 

3.  Total  Other                     4,131    4,448  7,106    7,512  9,594    11,044  18,722    20,077 

4.  Station  OH                   38,113  43,895  86,320  86,492  64,652    67,187  67,574    71,454 

5.  Fuel                              11,691    7,301  26,432  40,941  21,449    20,771  35,079    35,694 

6.  Non-fuel  Station  3iH    26,422  36,595  59,889  45,550  43,203    46,416  32,495    35,760 

7.  Other  as  a  I  of  Average: 
Non-fuel  Station  OH      15.63Z  12.162  11.871  16.492         22.212    23.792  57.612    56.142  26.992 


Source:  1985  FEPC  Forus  of  Yankee  Atoiic,  Maine  Yankee,  Venont 
Yankee,  and  Connecticut  Yankee. 
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'-:.:  -.:.::  ::::  ::  :r  sl'*<  :::",  sriPESE*"  :s  \ 


:.  Capacity  Factor  =  70.00! 

3«n«ration  ' S«K ; :  3,054 
3.  ?*t:'M*rt  Date:   2008 


Cast 


1536 


1587 


156£ 


1389 


■  -. :  - 


Plant-in-service 

4.  Beginning  of  Year 

5.  K«t  Wcitiofs 

6.  End  of  Year 


656.1       846.1 
150.0  0.0 

656.1       346.1       646.1 


346.1 

0.C 

646.1 


846.1 
0.0 

846.1 


S46.1        346.1 


0.0 

346.1 


0.0 

346.1 


144.1 

0.0 

P4f    I 


0.0 

346.1 


Accumulated  Depreciation 

7.  Beginning  of  Yea' 

8.  Annual  Depreciation 

9.  End  of  Year 


152.6 


i  wi.  .  C 

130.7 


21.7 
212.4 


»«    7 

244.1 


11    7 

275.3 


...i.O 

31   7 

O  \/  I    ■   a. 


329.1        37C.8       401.5 


: 


21.7 


- .  -  . 


10.  Net-Plant  (Year-End) 


543.5   665.4   632.7   602.0   570.3   538.6   5C7.0   475.3   443.1   -:.3 


Other  Pate  Base  Iteis 


11. 


DeV 


"rd  Ta\e5 


12.  Hattriala  %  Supplies 

13.  Nuclear  Fuel 


103.7 
20 
51 


-112.9 

21 

0 


-121.5      -125.6 


...  * 


M       1 
Lw  .  .. 


•127.9 

24.3 

0 


-•«•? 


143.1 

23.5 


•145.7 

26.1 


-142.1 


- 

a»  it  . 


14.  Average  Rate  Base 
14A.  BECO  Po'tion 


557.7 
418.3 


541.2 
406.4 


502.fi 

377.0 


463.7 
347.8 


425.0 
318.8 


389. 4 
292.0 


256.4 
267.3 


12! 

246.7 


:  ■ 


Costs 


15.  Return  on  Rate  Base 

16.  Income  Taxes 

17.  Depreciation 

18.  Cirl  Expenses 

19.  Insurance/Overhead 

20.  Local  Taxes 

21.  Decoanssioning 

22.  Fuel 

22.  Annual  Cost 

24.  Ctnti/M  Pate 


43.2 

42.0 

29.0 

36.0 

33.0 

30.2 

27.1 

*"    4 

20.5 

19.9 

19.5 

17.0 

15.6 

'.4.3 

13.1 

.  -    . 
.... 

■   .   ■    . 

21.1 

£0.0 

23.3 

23.8 

23.8 

23.8 

22.8 

23.8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CO 

. 

8.0 

7.6 

7.2 

6.3 

6.5 

6.1 

5.7 

i  - 

4  ■  A 

* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

37.9 

0.0 

0.0 

0.0 

0.0 

O.C 

CO 

CO 

130.7 

93.3 

88.4 

63.6 

78.8 

74.4 

7c; 

66.' 

*  -    * 

4.28 

3.06 

2.90 

2.'4 

2.58 

2.30 

2.11 

.      ■ 
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'K     '       - 

."•      L'J  .Z 


1  •N      t%  A  •< 


^  ...      - 


Case 


:?9E 


1997 


1  : 


96 


353 


FUnt-;n-s*rvic* 
4.  Beginning  of  Year 
I.  Net  Additions 
£.  tic  of  V'ear 


etc  1 

CO 

646. 1 


646.1 
0.0 

846.1 


346,  1 

846.1 

346. 1 

846. 1 

846.1 

8*5.1 

B46.1 

0.0 

0.0 

CO 

C .  0 

.. : 

0.0 

. 

O.O 

846. 1 

846.1 

846.1 

346.1 

Oil    j 

m  m  J  a  i 

=46.1 

84£.; 

3 j;  • 

Arcurjlated  Depreciation 
7.  Beginning  of  Year 
2.   Annual   Depre:: jf.o'- 
9.  EtJ  of  Year 

10.  Net -Dl ant  (Year -End) 


434.2  4£5.9  497.6  529.2 

?1  7  "SI  7  T  7       *?!  7 

wilt  W  *  *  '  Mil  J           —  .  1 

465.9  497.6  529.2  560.9 


380.2   348.5   316.9   285.2 


560.9 

5Q-  6 

624.3 

W  M  W  t      . 

£37.7 

31.7 

31.7 

21.7 

31.7 

1>    7 

«4i 

-it- 

592.6 

624.3 

656.0 

£3'.  7 

719.4 

1C  <       /\ 

(wliV 

i-jji  j 

221.8 

190.1 

158.4 

126.7 

qe    . 

.. .  1 

Ctr.er  Rate  Base  Itess 

11.  Deferred  Taxes 

12.  Material;  ?*  Supplies 

13.  Nuclear  Fuel 

14.  Average  Pate  Base 
14A.  BECC  Portion 


ijfii  i 


31 
0 


•132.9 

<v%    r 


275.0       248.2 
206.3       186.2 


-125.7 

«j     -7 
wt.i 

0 

AAC      4 

16*.  0 


•121.5 

7C    c 
ww  ■  7 


199.6 


k3./ 


•114.9 

37.7 


176.3 


Ji  •  4. 


13 


•105.2 

39.6 

0 


156.2 
117.1 


•93.2 

41.6 

C 


138.4 

1C3.8 


-59.6 
43.7 


142.5 
106.9 


•26. 7 
45.8 


135.8 
101.9 


-Q    =■ 


48.1 


134.7 
101. C 


Costs 


15.  Peturn  on  Rate  Base 

16.  Incose  Taxes 

17.  Depreciation 

18.  GIH  Expenses 

19.  I-.surance/Overhead 

20.  Local  Taxes 

21.  Decoiiissioning 

22.  Fuel 

22.  Ar.nua'.  Cost 

24.  C^ts/kwn  Pate 


'.4      <J 
4.1  •  w 

10.1 

*\n    n 
4.  j.  O 

0.0 
0.0 
4.6 
0.0 
CO 

59.8 

1.96 


19.3 

17.5 

15.5 

13.7 

12.1 

10.7 

11.1 

10.5 

1 . .  * 

9.1 

8.3 

7.3 

£.5 

5.7 

5.1 

5.2 

5.0 

* .  - 

23.8 

23.8 

An    n 

^w.  0 

23.8 

OT    0 

-^  .  w 

22.3 

in    0 
-w.O 

4.W.  O 

22.2 

0.0 

0.0 

0.0 

0.0 

0.0 

CO 

0.0 

CO 

CO 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.2 

j  •  0 

3.4 

3.0 

2.7 

2.3 

1.9 

1.5 

:.: 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CO 

CO 

0.0 

CO 

. 

56.3 

en    n 

WW.  W 

SCO 

47.0 

44.3 

41.9 

42.0 

40.8 

1.64 

1.75 

1.64 

1       C  4 

1  .  J* 

1.45 

1.27 

I.  w' 

1    .    w  *. 
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cr  *  *  '?'< 


:n  .  e 


;.  ee::  s*«r«  o' 


-  d  v  r  ■ 


.ase 


•E 


cspvp?    :«?vrj     w-s- 
s  *         § 

I  ■     "  1  '-  <  c  -  •      •  •  •. 


Plant-in-strvic* 

4.  Beginning  of  Y?ar 

5.  Net  Additioni 

6.  End  ;f  Year 


846. 1 

846.1 

646.1 

0.0 

0.0 

CO 

846.1 

846.1 

846.1 

AccutuIaUd  D*pr#eiat:  :r 
7.  Bejinriflg  of  Year 
e.  Anxuil  D*pr«ciatiofi 
9.  End  of  Year 

10.  Net-Plant  (Y*ar-End) 


7C|  (\ 

I   Ji  .  V 

""  7 

782.7 


63.4 


782 

.7 

7» 

7 

1     » 

814 

,4 

31, 

,7 

814.4 

31.7 
846.1 


0.0 


Otu»r  Pat*  Base  Iteis 

11.  Defe'red  Taxes 

12.  Material;  %  Supplies 

13.  Nuclear  Fuel 


2!. 5 
50.3 

0 


66. 3 

53.1 

0 


0 

42.5 
0 


14.  Average  Rate  Base 
14A.  BECC  Portion 


13'3.4 

104.5 


151.1 


42.5 
31.9 


r.  -*.- 


15.  Peturn  on  Rate  Base 

16.  Incoi*  Taxes 

17.  Depreciation 

18.  3IH  Expenses 

19.  Irsurance/Cverhead 
2C.  Lccil  Taxes 

21.  Decoifcissioning 
uel 


4ki 


23.  Annual  Cost 


24.  Cents/Ufc  Pate 


10.8 

11.7 

7    7 
_  ■  j 

•>•>*  . 

1 0  j  .  . 

149.2 

5.1 

5.6 

1.6 

1C5.2 

85.3 

70.7 

23.8 

22.3 

200.7 

150.0 

116.2 

0.0 

0.0 

0.0 

0.0 

CO 

CO 

0.0 

0.0 

0.0 

.    . 

CO 

0.0 

0.8 

0.4 

0.0 

42.0 

1  1     0 
-t.O 

28.8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

40.5 

41.4 

28.6 

c-"     ] 

«50.3 

264.9 

i.  ji 

0.94 
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r  :. 


;.".::  pecovepv  y  sjn1  costs,  ke'IRENent  in  ::- 


■pacity  Factor  =    70.00Z 


■     ■.  •  .  .    w  • .  c    r    v  ■ 

aeration   (Sii'H): 

3,054 

2004 

A 

'.OS  .5 


Case 


1326 


1987 


1985    1383 


1330 


■  g  j  ■ 


Plant-in-se^vice 
».  Beginning  of  Year 

5.  ^:  Additions 

6.  Er,d  of  Year 


E3E.1 


E95.1   646.1   846.1   946.1 

150      0      0      0 

846.1        846.1        646.1        346.1 


B4E.1 

845.1 

S4S.  1 

B4S 

0 

0 

i) 

B46.1 

846.1 

646.1 

246 

Accumulated  Dep*eciation 

7.  Beginning  of  Year 

8.  Annual  Depreciation 

9.  End  of  Year 

10.  Net-Plant  (Year-End) 


152.6 


152.6 

187.0 

225.7 

254.5 

J  v  J .  J 

342.1 

330.8 

1 '  - 

34.4 

jCi  d 

38.6 

28.6 

se.s 

22.8 

3S.8 

36.  2 

1B7.0 

264.5 

303.3 

342.1 

380.8 

419.6 

*52.4 

497.1 

659.1 

620.4 

581.6 

e<i   n 
Jti.O 

504.0 

465.3 

426.5 

^8'  7 

349.0 

0the>-  Pate  Base  Iteis 

11.  Deferred  Taxes 

12.  Materials  k  Suppli* 

13.  Nuclear  Fuel 

14.  Average  Pate  Base 
14A.  BEC0  Portion 


•103.7 

-112.9 

lit     c 

1  -  .  ■  J 

.  IT     Q 

-143  1 

20 

22.1 

11     1 

it.  j 

51 

0 

0 

0 

0 

0 

551.4 

528. 5 

482.2 

426. 1 

jC  J  .  .. 

345.1 

4  i  w.  b 

396.3 

361.5 

Jii.  1 

288.9 

258.8 

-142.7 

26.3 
0 

Itrt  t 

w  .  v  .  0 


279.6 

2;9.7 


.  '  *?n  O 


':  c 

o 


245.  £ 
184.2 


15.  Return  on  Rate  Base 
IE,  Income  Tares 
17.  Depreciation 


I  f         Hf 


.  GM  E;pense= 

19.  l-s.'a.'v.-e/j.r'head 

20.  Local  Taxes 

21.  Decowissioning 
<u.  rjei 

22.  Annual  Cost 
24.  Cen 1 5 '' k wh  Pate 


42.8 

41.0 

37.4 

29.9 

26.  B 

24.1 

21.7 

19. 

20.3 

19.4 

17.7 

15.7 

14.2 

12.7 

11.4 

10.3 

0 

25.8 

29.1 

29.1 

29.1 

29.1 

29.1 

29.1 

29. 1 

'■)_ 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

(j, 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

\ 

7.9 

7.4 

7      A 

6. 5 

E.O 

5.5 

5.1 

4.7 

* 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0  5 

V     f       J 

37.9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

,■ 

134.6 

96.9 

91.2 

84.5 

79.2 

74.1 

E3.T 

;r    - 

► 

4.41 

3.17 

2. 99 

-     ->7 

Smt    '    1 

2.59 

hi  «>u 

*  '5 

h  •  1 

:: 
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•:.:  4.7 


-r    :    ■ 


>«        r  f  *  |  ' 


:.  :i?sc:t;  "actor  =  70.00! 
2.  PE3Q  l\v*  :' 

:--r-i::o"  ':^i:  3,054 

:.  imrntn*.  Bat*:  20*4 


Costs 


lis*         1996         1997         1338 


■•0:.  j 


PUnt-ir.-»rvici 

4.  Ptginning  of  Year 

5.  Net  Mditior-i 

6.  End  of  Year 


846.1 

a-z.  i 

8^6.1 

8*6.1 

0 

o 

a 

0 

846.1 

346.1 

B'6.1 

846.1 

846.1        346.1        346. 1        346.1        34 

0  0  0 

846.1       846.1       846.1        B46.1 


A.;: ululated  Depreciation 
7.  Beg: -iing  of  Year 
S.  tonual  Depreciation 
9.  Era  of  Year 


497.1 

38.3 

535. 9 


535.9 
ra  o 

574.7 


574.7 

-Q .  8 
613.5 


613.  5 

wb  •  o 

-  -  ■  - 


re-     : 

-  -  -  .  - 

38.8 
691.0 


691.0 
38.8 

739.3 


38.3 
763.6 


76E.6 

39.3 

807.3 


C  -      .  J 


10.  N*t-PUnt   (Y#ir-End) 


->  •    ft         •* 


271.4       232.6       133.9       155.1        116.3 


■»7  > 

1 1 ., 


?3 


Z .  0 


0.0 


Cther  Rate  Base  Itees 

11.  Te'erred  T^^= 

12.  Materials  ?«  Supplies 

13.  Nuclear  fuel 

14.  Average  Rate  Base 
14A.  BECQ  Portion 


::c  i 

31 
0 

•  1  n  i    c 

|M  ■  b 

0 

-105.2 
0 

-93.3 

35.9 
0 

-59.6 

37.7 

0 

•26.7 

N    C 

0 

25.5 

4:. 6 

0 

66.3 
•3.7 

0 

0 
45.5 

J 

215.5 

161.6 

182.5 
136.9 

»f  1  £ 

.  -0  .  w 

102.3 

123.2 
99.9 

U?.2 
89.4 

144.6 

102.5 

148.8 
[ll.fi 

45.9 

15.  Petur-.  c"  Rate  Base 

'.  o .  .  r ;  o  r.  e  i  a  x  e  5 

i/<  j-pre'.ian'jR 

18.  C^  Expenses 

19.  Instance/Overhead 

20.  Local  Taxes 

21.  Qtcoiaisiioning 

22.  Fuel 


23.  Arr.ua  1  Cost 


24.  CMti/kv!!  Pafe 


16.7 

14.2 

12.5 

10.6 

10.3 

9.2 

1  *•  tS 

11.5 

- 
...... 

7.9 

6.7 

5.9 

5.0 

4.9 

4.4 

w  •  W 

z    z 

•" 

• 

a.  J  •     4 

29.1 

29.1 

29.1 

29.1 

19.1 

:?. : 

i 

::i  - 

0.0 

0.0 

0.0 

CO 

CO 

CO 

0.0 

0.0 

. 

0.0 

:.o 

0.0 

0.0 

CO 

0.0 

0.0 

3.7 

3.3 

2.8 

2.3 

t.3 

1.4 

C9 

! 

"     z 
J    .  J 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CO 

CO 

CO 

0.0 

57.4 

53.2 

50.3 

*  —  ■ 

47.0 

46.2 

44.1 

46.5 

46.5 

34.3 

3*3.7 

1.38 

1.74 

1.65 

1.54 

1.51 

1.44 

1.52 

1  e" 

i .  .... 

1.12 
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.  r«. 


:*,  ac: 


:rr-''  :*:cr. 


70.00* 


*   '.Ci 

-I--* 

..  .  " 


CtfVRK  x   -■ 


F!art-in-5*rvice 
*.  Beginning  of  Year 
!.  Net  Additions 

6.  End  of  Year 

Accuiulatec  Depreciation 

7.  Beginning  of  Year 
S.  Annual  Depreciation 
9.  End  of  Year 

IC.  Net-Plan:  (Year-End) 

Other  fate  Base  Iteis 
'.:.  Deferred  Taxes 
12.  Materials  &  Supplies 
12.  Nuclear  Fuei 

14.  Average  Rate  Base 
HA.  BECC  Portion 


r>sts 


lili 


I 


...  ... 


■  ■  . 


15.  Petum  on  Rate  Base 

:i.  Incone  Tares 

17.  Depreciation 

13.  C&M  Expenses 

!9.  Insurance 'Overhead 

20.  Local  Taxes 

21.  Ceceaaissiofling 

22.  rbel 


159.3 

1^4  6 

76.1 

-    .    i    — 

194.4 

157.1 

0.0 

0.0 

0.0 

0.0 

31.9 

25.3 

0.0 

0.0 

0.0 

0.0 

!.  Annual  Cost 


463.0   366.6 


2^.  Cer.ts/M  Pate 
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"  4. 


?:  lECSVt^  "  SLMI  '.ITS,  RETIREMENT  IN  1937 


lapiCitj  ra:*or  =    70. OC: 


:...    .    a    -   0 T 


^     AC  J 


:  1  ' 


Costs 


* ,  - 


1991 


P!art-in-ser; .ce 

4.  Br-i-T'i'^j  of  Year 

5.  Net  Additions 

6.  End  o'  Year 


696.1 


696.1 

845.1 

846.1 

846.1 

545.1 

*4t.| 

W.\ 

150.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o.c 

846.1 

846.1 

646.1 

846.1 

846.1 

546.1 

546.1 

-:--: 

:-:.. 

A::uiu!ated  Dtp'KiatiOfi 

7.  Beginning  of  Year 

8.  Annua!  De;»#ciiiion 

9.  End  of  Year 

10.  Net-e!art   'Year-End) 


152.6 

208.8 

Z7Z.I 

-  -  -      - 

WWW  •    J 

400.0 

462.7 

327.9 

591.2 

56.2 

62.7 

63.7 

63.7 

62.7 

63.7 

-  —  • 

152.6 

208.  e 

272.6 

226.3 

400.0 

463.7 

-.  •  3 

551.2 

154.1 

542.5 

637.3 

573*9 

509.8 

446.1 

382.4 

318.6 

254.9 

191.2 

li.7 

718.6 


Cth*'  Pate  Base  Ite»; 
::.  D*f#rr#d  Taxes 

12.  Materials  i  S-pp!:es 
12.  Nuclear  Fuel 

14.  Average  Rate  Base 
14A.  BEC3  Portion 


■  1 '. j  •  /      - . ..  I .  j 


20 
51 


529.6 
397.2 


21 
0 

473.0 

254.8 


■142.1 

22.1 

0 

-  zz .  0 

291.6 


•145.7 

0 


•jn 


-  -  -    r 

242.7 


-126.2 

24.3 

0 


270.5 

202.B 


25.9 

0 

214.6 
161.0 


-114.9 
26.2 


166.8 


•  -c     . 


93.3 

-21.7 

28.1 

*.*>•- 

4 

0 

26.0 

94.5 

. 

15.  Petv-r  on  pate  Base 

1£.  [ncoie  Taxes 

r.  DfprKiitiflii 

13.  0&H  Expenses 

19.  Ir.Surance.'Cverhead 

20.  Local  Taxes 

21.  Decommissioning 

22.  Fuel 

22.  Annua!  Cost 

24.  Conts/kvl;  Pate 


41.1 

36.7 

7r*  ' 

25.1 

21.0 

16.6 

12.9 

9.3 

!  : 

19.5 

17.4 

14.3 

11.9 

9.9 

7.9 

6.1 

- 

i.i 

42.2 

47.8 

47.8 

47.8 

47.9 

47.5 

•7.1 

-".3 

«  ! 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

7.6 

6.9 

6.1 

5.4 

4.6 

3.8 

2.1 

-  - 

•    c 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

V  .  c 

. 

37.9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.C 

. 

148.2 

108.7 

98.4 

9C.1 

M  5 

WW  t  w 

76.2 

69.9 

-:-.: 

"  " 

4.35 

3.56 

n     "i  a 

2.35 

2.49 

2.11 

:.  ■* 
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i:  PEC3VER>  3F  SIW  ;:rs,  crT;  =  EnENT  IN  139 


f»j 


aparitj  Factor  = 

70.00% 

ECC  Share  of 

i      -      :  *  i    •  r       '",.-'      ; 

w   j     .    - 

etiress*"i   Date! 

1397 

Case 


i3C 


1  QC7 

\    4    J    ■ 


CNPV?P   CNFVPC   CNPVPC 


5 

i  j  *  h 


8 


£ 


Piart-in-service 

4.  Beginning  of  ve:r 

5.  Net  Ado: t ions 

6.  End  of  V*ar 


846.1 

0.0 

846. 1 


846.1 

0.0 

348. 1 


*:cu2*!ste:  2*p-»:.av: ;r. 
7.  BqiTiPg  :f  Year 
6.  Anr.ua!  Depreciation 
9.  End  of  v*ar 

10.  Net-Plant  (Y«ar-Endl 


71S.6 

782.4 

63.7 

63.7 

782.4 

846.1 

£?    7 

0.0 

Other  Pate  Base  Itets 

11.  Deferreo  Taxes 

12.  Materials  ?  Supplies 

13.  Nuclear  Fuel 

14.  Average  Pate  Base 
14A.  BECC  Portion 


25.5 

M 

wl 

0 

0 

120.2 

w£l   0 

90.2 

24.5 

- 

osts 

15, 

"eturn  on  Pate  Base 

16. 

Inccw  Taxes 

I7. 

Depreciation 

18. 

O&H  Expenses 

19. 

lnsuranc«/0verh*ad 

to  v  ■ 

Local  Taxes 

21. 

5*cofi»iS5ioning 

Fuel 

...  Annual  lost 


24.  Cc-.ts.-kwh  ^a:e 


9.3 

2.5 

122.1 

107.1 

34.3 

4.4 

1.2 

57.3 

50.7 

44.7 

47.8 

47.8 

289.4 

239.3 

200.4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.6 

0.0 

24.5 

21.6 

13.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

62.3 

51.5 

434.0 

* 

419.2 

258.3 

2.04 

1.69 
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u 

1 


8 


»       5 

-    a 


a 


M 


o     « 


1 

o 


8 
3 


8 


5 


S 


"!       5    a 

8  *      8 


u 


8 


<M 


8 
3 


■ 


m 


■ 

i 


8 


X 

•o 

>» 


§ 

o 


e 
2 


i 


l! 

s  = 


Is    3 


b 

| 

• 
c 

£    • 

*  ft 

L.     to 

I 

i 

Incraaental  ( 
(Million  191 

il  Addit 
lllion) 

i 

is 

u 

I? 

•i     <m 

I! 


% 

m 

^- 
c 


u 

o 
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fc  •  <-  -d  I 


li.:   LCAD  TGfEJAS'S  WITH  CONSERVATION  PRCS-Afl 


U; tH  Review  Panel  Adjustsert; 


Forecast 


r  «  i 

l  4  4 

!9S? 

-  1 

1988 

-1  «■'' 

1989 

2,753 

1990 

2,828 

1991 

2,924 

1992 

1  01C 

- 1 7 1  ° 

1393 

•  QIC 

1994 

2,977 

1395 

2,980 

1996 

2,992 

'•337 

3,056 

1993 

J,  VI  i. 

1999 

^1  ikD 

2000 

2,200 

2001 

2,245 

2002 

A   AQA 

•\AAf 

-  V  •.'  w 

C  ,  Www 

20C4 

a  » a  a 

w  ,  www 

2005 

a   .  aa 

2C06 

3,478 

-  -..v7 

2009 

: ,  - '  b 

2009 

2010 

2,677 

.on 

2,723 

2012 

J,  /u . 

Reduction 

:edL:t:  :•• 

Net 

L:ad 

in  Growth 

Load 

[2] 

L  w  4 

[4] 

2,599 

125 

J. 

2,504 

272 

98 

2,404 

408 

120 

2,300 

5" 

169 

A   All 

680 

164 

2,072 

650 

174 

2,032 

680 

195 

2,103 

680 

195 

2,104 

680 

2,110 

630 

A  A  1 

2,142 

630 

242 

2,150 

630 

269 

2,177 

690 

306 

2,214 

680 

?^Q 

A   «fl^ 

680 

251 

a  ice 

580 

274 

A   AAA 

-  1 

630 

399 

2,306 

6S0 

.a. 

—  t  -  —  - 

630 

445 

2,353 

680 

470 

2,379 

680 

494 

2,402 

680 

520 

2,428 

680 

545 

2,453 

690 

571 

2,479 

680 

537 

2,505 

[li  13S7-2000  frc*  Boston  Edison  Load  forecast,  Janua-y  17,  1336. 

2001-2012  frot  8ECC  CPRFP. 
[I]  125  NU/yr  additional,  1988-1392. 
:::  .5  X    SECO  forecast  iinus  1987  load). 

[4]  :n  -  [2]  -  [33. 
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a:-.:  5.:. 2:  B£:o  cc::e:tec  ':apa:ty  without  c:-i::w 


apa: 


19:: 

:::£ 

19?7 

21  lb 

1985 

.  .  .  C 

1939 

?1  'C 

4  *  .■*  A 

-.  .0 

1951 

"16 

199: 

1993 

2116 

1994 

2116 

1995 

2116 

1996 

2116 

1997 

•  ace 

ft  J   -  M 

2116 

•  COG 

*  .  rf  V 

2116 

2000 

2116 

2001 

2116 

2116 

2003 

.  .  .  £ 

iVV* 

2116 

■>  \  >c 

Alio 

zoos 

""  'A 

2116 

2116 

2009 

2116 

...  i  j 

2116 

2011 

2116 

2116 

0 

»j4 

0 

704 

0 

854 

65 

854 

421 

854 

597 

654 

59 7 

304 

797 

304 

79  T 

■\CH 

797 

797 

*.  J  - 

797 

253 

757 

~  J  ~l 

737 

226 

797 

226 

797 

226 

797 

236 

797 

lit 
lib 

797 

797 

»-5 

797 

138 

737 

136 

797 

138 

774 

138 

774 

13S 

774 

138 

774 

198 

7ot«; 

■  a: la:! ' 


2570 
2620 
2370 
3C25 

3232 

***  ■? 

wwO/ 

n-\  I  ■» 

2166 
2166 

ii  r  » 

j. bo 

9  •  JO 

; .  t  j 

'  •  '  o 
.  .•: 

3KS 

3143 

ill.-, 
il-: 

3143 

;!43 

3143 

3111 

Jill 

3111 

-  :: 

3038 
3083 
2069 


Sourcti  BEC0  QfRFP,  Exhibit  4. 

Changes  fro*  BECC  S«"RFP: 

Ci:  1392  QF  capacity  additions  set  at  20)  «,  bribing  199:  2r 

total  to  512  HW. 
:::  NUST*s  added:  150  MU  fro*  1968-90,  50  HU  froi  1931-lr::. 
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WLE  5.1.2:  LOAD  AND  CAPACITY  C3r1PAPI53NS,   BECO  r0=?ECAST 


i 

Capability 

Prcj«ct*d 

Territory  i 

Contract 

Total 

Reserve 

Rtspons-  1 

Surplus/ 

Vrar 

-  : -  3.  .  .y 

Lead 

Dfriand 

Load 
[4] 

h 

[5] 

iaility 

[61 

Deficit 

[1] 

[2] 

[3] 

[7] 

ISSe 

25  "0 

few  -  d 

30 

2549 

15.27. 

2936 

-366 

1987 

2820 

2588 

30 

2518 

16.32 

3045 

-225 

1998 

2970 

2691 

35 

2726 

15.4: 

3146 

-176 

1989 

3035 

2763 

35 

2793 

14.52 

3204 

-169 

1990 

3292 

2326 

38 

2866 

16.42 

3336 

56 

1991 

3267 

2924 

43 

296' 

16.32 

3451 

-84 

1992 

3C17 

2916 

46 

2964 

16.32 

3447 

-430 

1993 

2217 

.7wJ 

53 

2988 

16.22 

3472 

-255 

1994 

3166 

2977 

56 

3023 

16.22 

3524 

-358 

1995 

3166 

2980 

60 

3040 

16.22 

3532 

-366 

1996 

3166 

2992 

60 

3052 

16.22 

3546 

-380 

1997 

3166 

3056 

60 

3116 

16.12 

-  -  .  - 

-452 

1998 

3149 

3072 

60 

2132 

16.12 

3636 

-487 

1999 

3149 

1 1  *r 

60 

2136 

16.02 

3596 

-547 

2000 

3149 

3200 

60 

3260 

16.02 

3782 

-633 

2001 

3149 

2245 

60 

3305 

15.92 

3E20 

-681 

2002 

2149 

2290 

60 

2350 

15.92 

3693 

-734 

2003 

3149 

-  -  -  - 

60 

3396 

15.92 

3936 

-787 

2004 

3149 

60 

2443 

15.82 

3987 

-838 

2005 

3149 

3*30 

60 

3490 

15.82 

4041 

-892 

2006 

2111 

3^78 

60 

3528 

15.52 

4086 

-975 

2007 

3111 

W77 

-  -  -  / 

60 

3587 

15.52 

4143 

-1032 

20OS 

3111 

3576 

60 

3635 

15.52 

4200 

-1089 

2009 

3088 

3627 

60 

3637 

15.42 

4255 

-1167 

2010 

3088 

3677 

60 

3737 

15.42 

4312 

-1224 

201 1 

2088 

3729 

60 

3739 

15.42 

4373 

-1285 

2012 

3083 

3781 

60 

3841 

15.32 

4429 

-1341 

[13  Fn*  Table  5.1.2. 

[23,t33,C51  Froi  BEC0  QFRFP. 

[4]  Ccluin  C2I  ♦  Colum  [31. 

£6]  Coluin  C4]  t  Coluin  [53  •  Coluan  [43. 

[73  Coluin  [13  sinus  Coluin  [63. 
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\t   r 


1.4:  LQAS  an:  CAPACITY  COHPAFISONS,  "PcVIElJ  PANE.*  FOPECAS 


ap  ac ;  1  i  t  / 

Projected 

Territory  1 

Contract 

Total 

Peservr 

Respons-  Sui 

'plus/ 

Year 

Capacity 

Load 

Deiand 

Load 

2 

tbility  D* 

ficit 

[1] 

[23 

[3] 

[43 

C53 

[6] 

[7] 

1986 

2570 

2519 

20 

feWTJ 

2926 

-366 

1987 

2820 

2588 

30 

2618 

16.33 

3045 

-225 

1986 

2970 

2504 

35 

2529 

19.4. 

2929 

41 

1989 

2404 

35 

2439 

14.52 

2792 

243 

1990 

gag* 

2300 

38 

2329 

16.41 

2721 

671 

1991 

j  jb  / 

2212 

43 

2255 

16.31 

2622 

744 

1992 

3017 

2072 

46 

2120 

I  b  t  J  i 

2466 

551 

1993 

3217 

2082 

53 

2135 

16.22 

2480 

737 

1994 

3166 

2103 

56 

2159 

16.22 

2508 

658 

1995 

3166 

2104 

60 

2164 

16.2, 

2515 

651 

1996 

3166 

2110 

60 

2170 

16.2: 

2522 

644 

1997 

3166 

2142 

60 

2202 

16. IX 

2557 

609 

1998 

3149 

2150 

60 

2210 

16.12 

2566 

5E3 

1999 

3149 

2177 

60 

2237 

16.0. 

2595 

554 

2000 

3149 

2214 

60 

2274 

16. 0Z 

2638 

511 

2001 

3149 

MAM 

Li.il 

60 

2297 

15.91 

2662 

487 

2002 

3149 

60 

2219 

15.92 

2683 

461 

2003 

3149 

60 

2342 

15.92 

2714 

435 

2004 

3149 

2306 

60 

2366 

15. 82 

2739 

410 

to  4  V  M 

■149 

•.  -  *.  - 

60 

2289 

15.82 

to  '  w  w 

2006 

3111 

2352 

60 

2413 

15.52 

2787 

324 

2007 

3111 

2378 

60 

2438 

15.52 

2815 

296 

2006 

3111 

2402 

60 

2462 

15.52 

2644 

26? 

2009 

3088 

2428 

60 

2488 

15.42 

28^1 

217 

2010 

3088 

2453 

60 

2513 

15.42 

2999 

199 

2011 

3088 

2479 

60 

2539 

15.42 

2929 

159 

2012 

3088 

2505 

60 

2565 

15.32 

2957 

31 

Notes:  CI!  Trot  Table  5.1.2. 
C2]  Froi  Table  5.1.1. 
[23, [53  Froi  BECQ  QFRFP. 
[4]  Coluan  [2]  •  Coluan  t33. 
[63  Coluan  [43  I  Coluan  [53  ♦  Coluin  [41. 
[73  Coluan  [13  linus  Coluan  [63. 


-138- 


•   — --  P"i«  vnr  n  v  •     ..      .  Jwt'Ji   *    —   fc-«    - 


:;a:=::lity 


-*5;o"s- 

Surplus/ 

»e3' 

Capacity 

tbilitv 

Deficit 

[6] 

[7: 

1986 

-366 

2320 

3045 

-225 

138S 

2970 

-63 

198'3 

•035 

2993 

177  V 

WUalfc 

ffl^Q 

JO  j 

J  ;3  J 

33£? 

30ii» 

330 

:?92 

3017 

62 

lis: 

2217 

2:76 

241 

1994 

■tsc 

w  i  wU 

3016 

150 

•  •'  v  ■« 

3C24 

142 

I99e 

w  a  S  a 

132 

1957 

2:66 

73 

199S 

214? 

UtAI 

49 

1939 

2149 

3145 

4 

2000 

3149 

3210 

-61 

2001 

2143 

2246 

-97 

2002 

3149 

3265 

-136 

21-9 

-  -  ~  w 

-176 

20C4 

JwOCi 

i  •  ••  c 

to  '•  ■  w 

2149 

1 i  f\ ' 

.ICC 

:cc£ 

^  «  «  4 

J  i  .  . 

3437 

-226 

2007 

"Ml 

3479 

-363 

2C0S 

n  t  <  < 

-411 

200? 

3098 

3563 

-475 

2010 

2082 

3606 

-518 

2011 

303S 

2651 

-562 

2C12 

2033 

2693 

-605 

CI]  r":t  Tab!*  5.1.2. 

[I]   ivr-;g*  of  Colli'-  [£]  in  Tables  5.1.2.  arc  5.1.4. 

[7]  :.:iuiii  [13  ilnua  Coluin  [23. 
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"-:.:  5.2. I*    :"_4"5"5T  CACACITV  C2STS 


.--■.. 


.1,.  .. 


$   - 


-•  i 


C2: 


:*p*:: 


.  -»■ 

.  3  • 


J  Thousand} 


::: 


[43 


-  • 


Tcta! 

•Au    *  Thousind     >  ' 


[63 


i  oo  e 

I4C.70 

:7£ 

1£9 

1930 

144.27 

0 

1991 

146. 17 

34 

195* 

$48.16 

43C 

1592 

>3W  t - i 

ICC 

us;- 

•  -■  7  ^ 

152  90 

255 

1995 

154.64 

3E£ 

199S 

155.91 

JPQ 

;?37 

$59.44 

•  :i 

1956 

$62.00 

487 

1999 

$£-.£7 

433 

2000 

$£7.i5 

496 

2001 

$70.25 

49? 

2C02 

$72.37 

495 

— 

$75.52 

-93 

Y':"4 

T:.32 

459 

•  ••  ■  c 

.  .  .  . 

133.25 

496 

2009 

$96.33 

493 

■V*.  A  ^ 

*■  V  v 

I3G.36 

496 

$54.46 

453 

$7,154 

$1.61 

$7,161 

$1.70 

10 

$1.75 

$3,561 

$1.89 

$20,715 

$1.99 

$12,912 

$2.10 

$15,774 

15  ?1 

l.lil 

$20,026 

f>  "5? 

$"  ggj 

$2.4? 

! 25 ,549 

!2.59 

$20,210 

$2.72 

$22,204 

$2.88 

$33,598 

»  -  .  Cj 

$35,033 

$3.19 

$26,539 

$3.37 

$38,110 

$3.55 

133,749 

$2. "4 

$41,453 

$3.94 

$43,241 

$4.16 

$45,100 

$4.28 

$47,040 

$4.62 

»:=2 

$7,425 

$257 

$",443 

K 

1 

$153 

$4 

1856 

i2;,!7; 

*  -  -  - 

1:2,347 

$"?2 

i:9,ssc 

$354 

120,2s 

133* 

$::,£.-: 

11,169 

$13,013 

I!, 223 

111  n<5 

$1,432 

133,536 

$1,5*5 

$25,:98 

$1,591 

$26,524 

$1,677 

138,216 

$1,757 

133,278 

$1,963 

$41, ti: 

$1,963 

$42,422 

12,069 

$45,210 

J"  -0' 

7  -  lit 

$4', 282 

$49,339 

Note 


fa! 


[1]  Froi  3ECo  2R  RFP,  pag*  c-27. 
[2]  Froi  Table  5.1.3. 

C33  CcIum  :::  t  cou»n  tn. 

[43  SEI:  2r  R™,  page  c-27. 
C51  Calutn  [23  t  Colutn  [43. 
:£3  CcIum  C53  *  CcIum  [33. 
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"AS.!  5.2.2:  'E:LAC^I'."  IAFAC!TY  COSTS.   INTE^-I!-"  r:PECiST 


rota! 


I  a  p  a :  *.  r  7    Cuaulativ*         Capacity 
Cost  HH 

$  >u  '»e*:*d    !  ~l-:..e/.c 


[11 


:;] 


05 1 


Total     Total 
l/kw  i$  Thousand  '$  Thousand) 


[3]   [4] 


[53 


[61 


1988 

1939 

1990 

1331 

$46.17 

1932 

$4£.!6 

1992 

$50.23 

1994 

152.39 

1335 

$54. £4 

1 396 

$56.93 

1937 

159. *4 

1998 

*  4  *  W 

$62.00 

1993 

$64.67 

2000 

$67.45 

2001 

$70.35 

:oc2 

$72.37 

A  ,"■  A 1 
*.  V '.'  u 

*   _  ■  -  - 

2004 

$7C  5" 

2005 

$83.25 

2006 

$85.83 

2007 

$30.56 

%AAfl 

$94.46 

61 
97 
:  jo 
176 
214 
255 
326 
363 
411 


$4,095 

$3.03 

$6,829 

$3.19 

$3  992 

$3.37 

$13,482 

'  -  •  WW 

$17,031 

$3.74 

$21,224 

$3.94 

$28,281 

$4.16 

$33,341 

$4.38 

$23,784 

$4.62 

$184 

$4,279 

$310 

$7,123 

$453 

$10,451 

$625 

$14,107 

$801 

$17,892 

$1,005 

$22,223 

$1,353 

$29,634 

$1,612 

$24,953 

$1,895 

$40,679 

N;:es:  [1]  Fro*  BECc  SP  RrP,  page  c-27. 

[2]  "roa  Table  5.1.5. 

[3]  Cciuin  [23  t  Colutn  [11. 

[4]  BECo  Qf  RFP,  page  c-27. 

[5]  Cclutfl  [23  t  CoIum  [41. 

[61  Colum  [51  ♦  Coluan  [31. 
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.-.  :.:.::  :g«apiscn  jf  enep';v  su- c_:eh 


r  <  * 

.  ii 


"i-'-.^ut  Eie'jy  Contribution 


r; 


■:nn 


gr;'i: 


CF 


SkiH 


ret  *: 


:m 


ircrmr.t 


fiy 


iUH 


P  i  1  j 


cr 


:.- 


t-  >' 


;u 


*i>.. . 


■     Vi 


ac: 

192 

1,24s 

a:: 

I  Q1 

17* 

1 ,346 

J.J 

^  it  < 

*,  /  j" 

AC4 

293 

*  iti 
-,  >  jt 

PR1 

512 

2,586 

PR2 

512 

.  ,  JU  J 

54'/.      2,256       Z,  701 


J»«  *     flCJ 


2,054        4,299 


70S      3,054       5,80e 
0        3, SEE 


0       2,586 


200 

1  i  '1  * 

] 

1,4 

C     «  /■  ■ 

- 1      - 

: 

1        ««A 

: 

:,402 

1  - 

c     ■ 

20c 

1,402 

0 

:,4C2 

- 1 

4,9=2 

200 

1,402 

0 

1,4*2 

1,1    ■ 

- 1  -    • 

•j 

54; 

256 

9  Kf 

-  1  -  -  - 

C    4  •  < 

t,7tf 

0 

* 
-» 

AC- 

*       AC   ' 
-1         -- 

c    .  •  e 

Notes:  [1]  ACi»Pilgri»  at  54*  CF  and  192  HH  of  CF,  AC2=  Pilgru  at  70Z 

CF  and  192  MU  of  QF,  AC3=  Pilgrvi  at  352  CF  and  293  HU  of  Qr, 
AC4=  Pilgru  at  70S  CF  and  293  M  0'  QF,  PR!  and  PP2  ■  -.a 
Pilgru  capacity  and  512  MM  of  QF. 

[23,  C31  QF's  always  have  SOX  rapacity 
factor.  SUN  =  Mi  t  BOX  I  876:'  ,'IOCO. 

[33,  [63  Pilgru  is  492  NU.  6UH  =  498  t  CF  I  8750/1000. 

[4]  Colum  :2:  ♦  Colum  [33. 

[7]  Coluii  [51  ♦  Coluifl  C63. 

[61  Coluir  [4]  ♦  Coluin  [73. 
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,    «jj 


O 

L  } 


□- 


u 
< 


cm 


Q- 


o 

< 


B- 


-E3 


ra- 


U 

< 


Q- 


05 

Cu 


-B 


II' 


f  :■ 


•1> 


-a 


-s 


1    " 

1 

! 

1 

i    :• 

1    > 

(  s 

(      ■■ 

U'- 

1     > 

ii  • 

t 

u"> 

u"> 

"* 

-t 
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— :.:.    ..w.-.    St.U   A.u.JCw-  wUol    rKJJttliJN;   A,..:    :...    r'    v»    ..   Lr    wuMtfcH'    u".      jr;.-:    ;      .    .«>',    .  :c:    ■.    : 


BECQ 
Avoided 

V  c  :  •'  I.  0  5 1  5 


[1] 


R«pliCM*Rt  Costs  Adjusted  for  ri.e!  2:sts: 

liir.Ur  Wint»r       Uir.ttr 

1986/1987   1986/1987  1986/198" 

Cow>  {R#f«  *-c«l        (Hijh) 


r  "1 


Cofti 

.♦r<ts  ■  • 


"11 


Adjuit^  R«;'.a:«»<  t  Ccs:i    -• 

Pilj'i*  r.- 

U:nt*r  ..-•--        -    •- 

Jco    .::  .;:.    .  ::        .:zi    .:: 

.:.        ''-•'-  >.<  :i  -  ; 


1907 

1  i^c 

•33c 

3  I' 

i  :c- 

Si  *B 

1990 

w  ■  w  - 

-  ^  > 

t   m  4  * 

3.63 

4,94 

(9« 

4    w  w  «w 

5.57 

1994 

6.2 

1395 

6.66 

!OCC 

k  -   if  M 

L71 

1997 

8.76 

199S 

9.6S 

1999 

11.21 

2000 

12.43 

200: 

13.71 

2002 

15.49 

k.    .     .J  W 

16.49 

i  3  1  _G 

*»  '.■  y  w 

20.23 

2006 

22.17 

2007 

23.49 

2008 

LJ.  J* 

-■rV.Q 

27.03 

2C10 

28.77 

2011 

31.31 

1VU 

JJ.  bJ 

res: 

r  1 1    -•.-., 
. .  .    r  r  g  « 

1.34 

t  10 

5.05 

1.28 

3    17 

HI  li 

5.06 

1.43 

2  Jfi 

5.25 

1.64 

S  57 

-  -  - 

1.93 

3.89 

6.  >  2 

2.44 

4.34 

9.26 

2.99 

c  S7 

W.J' 

11.61 

3.19 

6.20 

13.20 

3.48 

6.36 

15.14 

w.    11 

7.71 

16.94 

*•  ■  wW 

9.76 

13.80 

4.48 

9.68 

20.10 

4.98 

11.21 

21.34 

-  1  *,V 

12.42 

22.03 

5.77 

13.70 

24.87 

6.63 

15.48 

27.27 

6.88 

16.48 

23.49 

*    7C 

'9   "*(. 

iKIkQ 

-  J.  jg 

8.41 

•2.90 

a  11 

3.  Ml 

H^lWl 

10.30 

23.48 

26.90 

11.50 

25.23 

39.79 

12. 37 

27.07 

>  1  ■• ,-, 

0.57 

0.60 

0.63 

.67 

0.74 

5.78 

0.63 

0.87 

C.32 

0.97 
1  *o 

I  •  Vw 

1.09 
1.15 
1  2' 

-   ■    -  - 

1     •"> 

I .»- 

1.51 
1.59 
1.63 
1.78 

1.38 


0.77 

1  cj 

1 

0.63 

1     CI 

.  .  . 

1 

» ^ 

0.30 

4 
•• 

*  ^ 

0.33 

4 
* 

"..  19 

* 

- 

1.70 

4.. 

c  * 

1  ^. 

'.79 

2.37 

C      " 

•  •. 

-: 

^  » . 

5.93 

M 

- : 

-     *c 
...  j 

6.,S 

1    M 

-   .     -   w 

7.73 

.:7 

1   w  te 

1    JC 

8.65 

13 

- 

3.79 

10.12 

: 

--: 

4.16 

. . . «." 

- . 

:: 

4  ec 

12.49 

-  - 

-;.; 

c  '5 

14.20 

» - 

2  2 

J.  WW 

lw.  13 

. 

D.  M 

■: 

23 

)4 

6.91 

11.77 

-: 

M    - 

7.71 

r.s1 

•»• 

ym 
— 

8.62 

21.M 

-c 

•  - 

9.72 

. 

10.99 

-c    0 

4.WI      t     J 

- 

12 

Metes:  CI]  rr^  fiECG  r*vis*d  RFP. 

[23  Coluan  [1]  :  ratio  of  current  DRI  price  ?3*Kasts  t:  "::  cjri:af3  :•*  Soiaer,  1?36. 

r.2]  Troa  2/86  EFSC  Forecast.  Bultiplitd  by  average  heat  rate  o1 

Pilgrii  1  fro*  1980-1985,  and  divided  by  10,000. 
[41  Coluin  [2]  run  us  Coluir  [21. 
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'.:.  s::*:1.  meat  pates 


veir       Heat  Rate 


4  Q«  «. 
*  J  w  • 

9,611 

i?e: 

-1  w-' 

:93- 

9,563 

1964 

q  C~i 

7,  .... 

!985 

fl  00  1 

Av*'ag* 


9t::. 6 


Sources  Boston  Edison  FERC  frore  !.  19E1-1983. 
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.  —  —   .1 


-:  p:_ 6R!"  PECLACE*E*T  PQWEP  :CSrS  ?4?E:  Is  I:I  I!.  C'&!:E  FCPECAS'S  I  *l.   SCE'2\  ^EAT 


bt!  R*;Ia:<  - 


Winter  H;"t*r  U'.r.ter 

!92fi  1937  I3SS/1997  1?5E  :?B^ 

(Low)  iR*ftrwc#i  (High) 

vrar    Ce'ts'lwh  Cents'- -h  Cents/kvh 


ti] 


p.'-,    ,       :■••-,. 

Hint** 

..   •-• 

..-•- 

Fuel              Ttrl 

;:E:':se7 

1986    .:" 

r 

Coft               :=t 

.:. 

'■-■    HKt) 

- 

I'ubty  Cer.ts'fcwh 

-ts/lwh 

Ceits.'kwh 

'.-*:5/i.n 

[21 


[31 


:4i 


ise? 

tiv. 

1    n; 
fc.Jd 

2.82 

10.342 

0  ei 

I5BS 

«        A"} 

i  •  ltd 

* .  -  - 

♦.07 

10  ~^~ 

0.60 

19S? 

1.19 

1    ii 
Lt  1  i 

4.38 

$o.-:  • 

0.63 

<  MO 

*    .    .     . 

1.43 

2.94 

4.62 

10.638 

0.67 

1991 

1.6! 

5.60 

$C674 

0.70 

1992 

1.74 

i    ei 

w.   Jj 

6.62 

SC.'ll 

0.74 

1993 

2.05 

i   pi 
J.  -  - 

7.97 

•0.751 

n 

1994 

2.20 

4.25 

9.15 

1  .792 

0.B2 

1935 

a    »i 
...  t <j 

4.78 

10.54 

.  \  hi 

0.27 

1996 

i    .. 

t.  /B 

C     11 

J.  j/ 

11.79 

10.884 

1     ^* 

1997 

1    M 

it  v'J 

6.10 

12.10 

$0.;34 

0.97 

1999 

-  .  kJ 

6. 98 

14.51 

10.986 

1.03 

1993 

3.49 

8.01 

15.62 

$1,042 

1.09 

2000 

3.92 

9.19 

17.03 

$1.1C0 

*      *  C 

2001 

4.33 

10.29 

19.67 

$1,162 

1.21 

".AAA 

4.94 

11.54 

20.32 

$1,227 

1.28 

Ml  Wl 

21.98 

$1,296 

.  it 

1  .  w_ 

2004 

5.99 

14.11 

23.47 

$1,269 

I     11 

■*AAC 
.VVw 

6.46 

1  W.  wO 

25.28 

$1,446 

1.51 

">/\A£ 

16.98 

27.08 

$1,527 

1.59 

AAA  7 

3.06 

18.38 

28.88 

$1,613 

1.68 

■J  A  AH 

8.91 

19.62 

30.83 

$1,703 

1.78 

t0v3 

9.92 

20.87 

32.93 

$1,799 

1.89 

0.45 

1.71 

■    •; 
...  - 

0.44 

1.95 

1.47 

0.56 

- 

i  • 

0.76 

)    **7 

t  ■  - 

4.1: 

0.9C 

- 

1.00 

2.71 

5.87 

1.27 

3.04 

7.19 

1.37 

3.44 

3.22 

1      AA 

9.67 

1.84 

-.44 

2.06 

e    .i 

1     - 

2.20 

5.95 

13.48 

2.40 

6.92 

14.53 

2.77 

9.04 

IS.  fli 

3.12 

9.08 

17.46 

3.66 

10.26 

I 

2.96 

11.36 

.j! .  - 

4.56 

. .  ■  bo 

22.03 

4.96 

14.07 

22.77 

5.54 

15.23 

25.48 

6.38 

16.69 

11 

7.13 

17.B 

: 

8.04 

19.00 

' 

Notrs:  [11  CRI  Forecast  froi  Docket  t  DPU  86-280,  Q-AG-JUN-S2. 

Pfict  for  12  S  Oil  in  cer.ts/tiBTU. 

Multiplied  by  9622.6,  the  average  heat  rate  for  New 

Boston  fro-  1981-1985,  and  divided  by  1,000,000. 
[2]  Froa  2/86  EFSC  Forecast.  Extrapolated  after  2000  with  thi 

average  growth  rate  frea  1996  to  2000. 
[3]  Coiuan  [23  t  10,430,  the  average  heat  rate  for  Pilgrn 

frot  1SS0-1385,  divided  by  10,000. 
[4]  ColuMn  m  unus  Colum  [31. 
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•:i.:-v  factors  nt-  l:*-cecfdp-a\: 


B      .      .   . 

r     :  *  ■  • 

:a-   : 

>.:<•*  ; 

1  ■ .  ■  >  .       < 
♦a. . ey    : 

1'  ?rl 

-:• 

w  a  1    W  * 

70 

77. £■ 

71 

a  j  ■  a  a 

?: 

71      <••• 
(lilt 

i4.  J* 

C-     C«" 

74 

-0  _  Q* 

1        <  K 

ft  ■  4  J. 

C*  .    wA 

75 

J  -   I    W  II 

j:.  Da 

Jw  *  ».  1 

7£ 

0  -  i  t  » 

67. £2 

59.2Z 

70.72 

39.82 

57.02 

'3 

65. 07. 

64. 02 

■d 

85.11 

47.72 

i,  J  ■  On 

8C 

2C.72 

WW.    '.'  *. 

e: 

19.S2 

4S.22 

w*»>  ■  -  * 

32 

• :  ■:■? 

4£.52 

?;    "v 

W  w  f   *  /. 

S3 

-0.32 

C-l      1* 
w^>  T» 

w_.   /   .<. 

- .  On 

84 

6.71 

1   <       W 

ft  t  •  *<l 

Clw  ■  w  » 

4  '32 

35 

62.4: 
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APPENDIX   1: 


Letter  from  Carl  Gustin,  BECO 


BOSTON  EDiSON 

Executive.  Offices 

800  Boylston  Street 

Boston,  Massachusetts  02199 

June   8,    1987 

Carl  Gustin 

Vice  President 
Corporate  Relations 

The  Honorable  Sharon  M.  Pollard 
Secretary  of  Energy  Resources 
Commonwealth  of  Massachusetts 
100  Cambridge  Street  -  Room  1500 
Boston,  MA  02202 

Dear  Secretary  Pollard: 

This  responds  to  your  May  8  letter  to  Steve  Sweeney 
requesting  data  on  Pilgrim  Station  costs. 

As  I  mentioned  to  Mary  Beth  Gentleman  last  week  on  the 
telephone,  I  am  sorry  we  could  not  respond  in  the  ten  days 
you  requested,  but  it  did  take  longer  than  that  to  develop 
the  specific  information. 

In  reviewing  the  information,  please  note  that  the 
forecasted  data  pertains  to  the  entire  Pilgrim  I  unit,  not 
just  the  Boston  Edison  Company  share.   Also,  the  company  has 
applied  to  the  NRC  for  an  extension  of  its  operating  license 
to  the  year  2012  and  has,  therefore,  used  that  retirement  date 
in  the  forecast. 

In  this  response,  we  have  provided  a  reasonable  estimate 
of  Pilgrim's  costs  for  the  next  25  years.   However,  as  you  know, 
many  factors  external  to  the  company,  such  as  NRC  mandated 
modifications,  can  significantly  impact  Pilgrim's  costs.  With 
that  in  mind,  we  are  presenting  the  data  to  you  in  two  ways. 

Exhibit  1  presents  the  forecast  as  you  requested  it  for 
1987  through  the  year  2012  using  a  cost-of-service  format. 

Exhibit  2  is  a  comparison  of  forecasted  incremental  costs 
of  Pilgrim  and  the  available  alternatives.   Exhibit  2  presents 
the  data  from  the  most  realistic  and  comprehensive  economic 
perspective.   It  places  the  future  costs  of  Pilgrim  in  context 
with  the  future  costs  of  available  alternatives  in  the  event 
Pilgrim's  capacity  had  to  be  replaced.   The  alternatives, 
presented  on  a  bus  bar  basis,  include  the  six  cogeneration. 
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BOSTON  EDISON 


The  Honorable  Sharon  M.  Pollard      -2-  June  8,  1987 

Secretary  of  Energy  Resources 


small  power  producer  and  third  party  contracts  that  the 
company  has  already  signed,  results  of  the  qualifying  facility 
bid  and  four  new  construction  options.   The  new  construction 
options  are  combustion  turbine,  combined  cycle,  integrated 
gasification  combined  cycle  and  a  pulverized  coal  unit. 
Levelized  costs  from  1980  through  2008  are  also  included. 

It  does  not  include  conservation  and  load  management 
because  the  company's  resource  plan  already  includes  500 
megawatts  for  conservation,  load  management  and  time  of  use 
rates  and  the  company  is  pursuing  every  option  to  expand  that 
potential . 

This  analysis  shows  that  the  future  costs  of  Pilgrim 
are  lower  than  any  other  options  throughout  the  period. 

A  second  key  point  emerges  from  this  analysis  and  a 
review  of  the  company's  resource  plan  which  has  been  provided 
to  you.   To  use  670  MW  of  alternate  sources  to  replace  Pilgrim 
would,  in  effect,  foreclose  important  future  options  for  either 
meeting  growth,  or  reducing  demand  or  replacing  aging  capacity. 
Therefore,  from  the  standpoint  of  cost,  reliability  and  supply 
diversity,  electricity  users  clearly  benefit  from  the  return 
to  service  of  Pilgrim  I  and  its  operation  at  a  70  percent  or 
higher  capacity  factor. 

I  hope  this  is  responsive  to  your  request.   Please  let 
me  know  if  you  would  like  additional  information  or  would 
like  to  discuss  the  data. 


Sincer 


Justin 
Vice  President 
Corporate  Relations 


Enclosures  (2) 


cc:   Chairman  Paul  F.  Levy 

Mass.  Dept.  of  Public  Utilities 
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Exhibit  2  (p.  1  of  3) 


This  exhibit  compares  the  incremental  cost  of  Pilgrim  1  generation  with 
that  of  alternative  sources.   Page  2  is  a  table  showing  the  forecasted 
annual  busbar  costs  of  each  alternative  and  page  3  shows  the  costs  of 
several  alternatives  graphically. 

The  abbreviations  used  in  this  exhibit  are  as  follows: 

INCR  PIL  -  Incremental  Cost  of  Pilgrim  1  Generation 

PEAT  -  Peat  Products 

EVRT  EN  -  Everett  Energy 

TD  -  TD  Energy 

NEA  -  Northeast  Energy  Associates 

PRS  -  Power  Recovery  Systems 

OSP  -  Ocean  State  Power 

AVG  -  Average  cost  of  the  non  utility  contracts 

RFP  -  Request  For  Proposal  Prices  adjusted  for  capacity 

charge  in  years  1988  -  1991 

CT  -  Combustion  Turbine  Unit 

CC  -  Combined  Cycle  Unit 

IGCC  -  Integrated  Gasification  Combined  Cycle  Unit 

PC  -  Pulverized  Coal  Unit 

PIL-EXH1  -  Pilgrim  Costs  From  Exhibit  1 
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APPENDIX   2: 


Depreciating  Nuclear  Power  Plants' 


DEPRECIATING  NUCLEAR  POWER  PLANTS 

Michael  B .  Meyer 

Director  of  Utility  Rate  and  Energy  Analysis 

Analysis  and  Inference,  Inc. 

10  Post  Office  Square,  Suite  970 

Boston,  Mass.  02109 

617-542-0611 


I.  Introduction  and  Statement  of  the  Problem 


Most  U.S.  electric  utilities  with  ope 
power  plants  are  currently  under-recover in 
for  nuclear  decommissioning  expense  and  fo 
depreciation.  This  results  from  tvo  separ 
active,  mis-estimates.  First,  most  owner/ 
optimistic  estimates  of  total  decommission 
of  net  negative  salvage  value),  which  caus 
expense  provisions  in  depreciation  expense 
depreciation  accruals,  to  be  too  low.  Sec 
operators  use  optimistic  estimates  of  tota 
useful  service  lives,  which  causes  depreci 
penses,  and  total  accruals  to  be  two  low. 
tices  in  turn  cause  electric  utilities  wi 
plants  to  have  current  rates,  gross  revenu 
and  internally-generated  cash  flows  that  a 
would  be  otherwise. 
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lities  have  tended  to  use  decommis 
of  roughly  $75  M  -  $150  M  (in  198 
per  KW  (in  1986  $)  for  a  1000  MW 
estimates  have  been  based  upon  ea 
imate  studies.   Similarly,  electri 
to  use  assumptions  for  nuclear  po 
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This  paper  looks  at  likely  decommissioning  expense  est- 
imates in  Section  II  and  at  likely  useful  service  life  est- 
imates in  Section  III.   Limitations  and  warnings  are  stated 
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in  Section  IV.   Conclusions  are  stated  in  Section  V.   In 
general,  it  is  concluded  that  (unless  there  are  overwhelming 
concerns  about  loss  of  load  due  to  price  elasticity  effects) 
most  U.S.  electric  utilities  with  nuclear  power  plants 
should  raise  their  provisions  in  rates  for  nuclear  decom- 
missioning expenses  and  for  nuclear  depreciation  expenses. 
References  are  listed  in  Section  VI  and  the  data  base  for 
Section  III  is  listed  in  summary  form  in  Appendix  A. 

II .   Decommissioning  Expense  Amount 

Traditional  engineering  cost  estimates  have  been  pro- 
duced for  several  U.S.  commercial  nuclear  power  plants.   In 
addition,  Battelle  Pacific  Northwest  has  produced  two  wide- 
ly cited  decommissioning  cost  estimates  for  the  NRC  for  a 
reference  PWR  (ref.  (D)  and  for  a  reference  BWR  (ref.  (2)). 
These  two  studies  produced  cost  estimates  (in  1978  $)  for 
the  reference  plants  as  shown  below  in  Table  1. 

Table  1:  Battelle  Pacific  Northwest 
Decommissioning  Cost  Estimates 

1155  MW  BWR,  immediate  dismantlement  $43. 6M^ 

1155  MW  BWR,  storage  &  deferred  dismantlement  $58. 8M~ 
1155  MW  BWR,  entombment  $40. 6M 

1175  MW  PWR,  immediate  dismantlement  $42. 1M 

1175  MW  PWR,  storage  &  deferred  dismantlement  S46.8M- 

$51. 8M 

Let  us  focus  on  the  immediate  dismantlement  alternative 
because      that  appears  to  be  the  NRC-favored  alternative. 
The  $43. 6M  and  the  $42. 1M  estimates  (in  1978  $)  are  roughly 
equivalent  to  estimates  of  $69M  and  $66M,  respectively,  In 
1986  $,  using  a  GNP  deflator  of  1.575.   More  recent  estimates 
by  owner /operators  for  specific  plants  have  generally  tended 
to  cluster  around  the  range  of  $1102!  to  $130M  in  1986  $  for 
a  nuclear  plant  in  the  1,000  MV  to  1,150  MW  size  range. 

Despite  these  relatively  >opti3iistic  decommissioning 
cost  estimates,  there  is  substantial  reason  to  believe  that 
the  actual  decommissioning  costs  will  be  higher  by  a  factor 
of  about  two  to  five  in  constant  dollar  terms.   Estimates  of 
past  error  rates  in  U.S.  commercial  nuclear  power  plant  con- 
struction cost  estimates  are  about  10"  per  year  above  infla- 
tion.  Applying  these  past  error  rates  to  decommissioning 
projects  that  will  occur  twenty  years  or  more  in  the  future 
implies  (if  no  moderation  occurs)  that  current  estimates  are 
low  by  a  factor  of  at  least  five.   If  one  assumes  that  past 
ror  rates  in  commercial  nuclear  power  plant  construction 
st  estimates  (which  were  remarkably  persistent  over  a  per- 
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iod  of  at  least  twenty  years)  would  moderate  in  the  future 
for  decommissioning  cost  estimates,  then  current  decommis- 
sioning cost  estimates  might  nevertheless  be  low  by  a  factor 
of  two  in  constant  dollar  terms.   It  must  be  emphasized  that 
decommissioning  cost  estimates  have  already  begun  to  show 
the  same  persistent  and  robust  growth  in  constant  dollar 
terms  that  construction  cost  estimates  have  shown  in  the 
past.   See  ref.  (3),  pp.  110-123,  and  ref.  (4). 

In  sum,  the  current  plant-specific  decommissioning  cost 
estimates,  which  tend  to  cluster  around  and  slightly  above 
$100  per  KW  in  1986  $,  are  probably  best  viewed  as  being  too 
low  by  a  factor  of  two  to  five  in  constant  dollar  terms. 
For  financial  planning  purposes,  electric  utilities  with 
nuclear  power  plants  should  probably  use  decommissioning 
cost  estimates  in  the  range  of  $200  to  $500  per  KW  in  1986  S. 

III.  Deoreciation  Rate:  Useful  Service  Life 

In  order  to  produce  a  depreciation  reserve  that  matches 
tangible  property's  original  cost  at  the  time  of  that  pro- 
perty's retirement,  one  needs  an  accurate  before-the-fact 
estimate  of  the  property's  useful  service  life.   This  section 
of  this  paper  describes  an  attempt  to  estimate  (on  a  before- 
the-fact  basis)  the  expected  useful  service  life  of  a  U.S. 
LWR,  based  upon  actual  experience  to  date.   The  purpose  of 
this  exercise  is  to  determine  whether  or  not  the  relatively 
arbitrary  assumptions  about  useful  service  lives  that  are 
currently  in  widespread  use  are  consistent  with  actual  data. 

A.  The  Data  Sets 

Three  data  sets  of  U.S.  light  water  reactors  were  con- 
structed.  For  all  three  data  sets,  no  distinction  was  made 
between  PWRs  and  BWRs.   For  all  three  data  sets,  other  types 
of  technologies  were  excluded:  breeders,  gas-cooled,  and 
graphite-moderated  reactors,  for  example,  were  excluded. 
This  decision  excluded  such  commercial  U.S.  reactors  as  Fort 
St.  Vrain,  Peach  Bottom  1,  and  Fermi  1  from  this  analysis. 

Having  made  the  decision  to  focus  on  all  U.S.  LWRs ,  two 
further  definitions  were  made.   First,  a  distinction  was 
made  between  reactors  that  were  "commercial  in  intent"  and 
reactors  which  were  "non-commercial  in  intent."   "Commercial 
in  intent"  was  defined  to  include  reactors  which  were  intend- 
ed to  be  dispatched  commercially  for  a  substantial  amount  of 
time,  whether  or  not  the  reactor  was  also  intended  to  serve 
certain  research  goals.   "Non-commercial  in  intent"  was  de- 
fined to  include  those  reactors  which  were  intended  primarily 
or  exclusively  to  serve  research  goals.   Second,  a  distinc- 
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tion  was  drawn  between  reactors  which  were  "commercial  in 
design"  and  those  which  were  "non-commercial  in  design." 
"Commercial  in  design"  was  defined  as  including  all  LWRs 
over  400  MW,  while  "non-commercial  in  design"  was  defined 
as  including  all  LWRs  under  400  MW. 

The  first,  and  least  inclusive,  data  set,  Data  Set  1, 
was  comprised  of  all  U.S.  LWRs  which  had  entered  commercial 
operation  before  December  31,  1985  and  which  were  both 
"commercial  in  intent"  and  "commercial  in  design."   Data  S 
1  included  88  units,  with  the  oldest  (San  Onofre  1)  having 
entered  commercial  operation  in  7/67  and  the  newest  (Diablo 
Canyon  2)  having  entered  commercial  operation  in  10/85.  Only 
one  of  the  88  units  in  Data  Set  1  was  considered  to  have 
completed  its  useful  service  life  for  the  purposes  of  this 
study:  Three  Mile  Island  2,  which  entered  commercial  oper- 
ation in  4/78  and  which  ceased  commercial  operation  in  3/79. 

The  second  data  set,  Data  Set  2,  includes  all  88  units 
in  Data  Set  1,  and  additionally  includes  all  6  U.S.  LWRs 
which  were  "commercial  in  intent"  but  "non-commercial  in 
design."   Data  Set  2  thus  included  94  units,  with  the  six 
additions  to  Data  Set  1  being  Dresden  1,  Yankee  Rowe ,  Indian 
Point  1,  Big  Rock  Point,  Humboldt  Bay,  and  LaCrosse.   Three 
of  these  six  additional  units  (Dresden  1,  Indian  Point  1, 
and  Humboldt  Bay)  have  been  retired. 

The  third  data  set,  Data  Set  3,  is  the  most  inclusive. 
It  includes  all  94  units  in  Data  Set  2,  and  additionally 
includes  all  four  U.S.  LWRs  that  were  "non-commercial  in 
intent"  as  well  as  "non-commercial  in  design."   These  four 
additional  units  were  Shipp ingpor t ,  Elk  River,  BONUS,  and 
Pathfinder.   All  four  of  these  additional  units  are  retired. 

These  three  data  sets  are  summarized  in  Table  2,  below. 

Table  2:  Data  Set  Summary 

Data  Set     Includes  All  U.S.  LWRs    LWRs  in  Data   LWRs  Re- 

Which  Were  Set  tired 


Design       Intent 

Data  Set  1   Commercial   Commercial    88  1 

Data  Set  2   Commercial   Commercial    94  4 

or  Non-Comm. 

Data  Set  3   Commercial   Commercial    98  8 

or  Non-Comm. or  Non-Comm. 
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B .  Results 

Analyzing  the  three  data  sets  produces  some  evidence 
that  useful  service  lives  are  likely  (but  not  certain)  to  be 
shorter  than  the  currently-assumed  38-40  year  useful  service 
lives.   This  is  the  result,  whether  one  uses  such  traditional 
depreciation  rate  calculation  methods  as  Iowa  curves  (refs. 
(5),  (6),  and  (7))  or  more  modern  statistical  methods  as 
product-limit  estimates  or  reduced-set  estimates  (ref.  (8), 
ch.  4).   For  the  three  defined  data  sets,  and  for  the  two 
estimation  methods  applied  to  estimate  useful  service  lives, 
Table  3  below  shows  the  estimates  which  seem  most  consistent 
with  the  data. 

Table  3:  Useful  Service  Life  Estimates 


Data  Set 


Product-Limit  Estimate 


Reduced-Set  Estimate 


Data  Set  1   25  years  or  more 


25  years  or  more 


Data  Set  2   25-35  years 


20    -    30    years 


Data    Set    3       20-30    years 


20  -  30  years 
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IV.  CAVEATS 


Before  stating  any  conclusions,  five  caveats  seem  im- 
portant . 
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First,  both  decommissioning  expense  amounts  and  useful 
service  lives  are  heavily  dependent  upon  NRC  regulation. 
Actions  by  the  NRC  to  change  worker  radiation  exposure  limits 
(for  example)  would  cause  major  changes  in  decommissioning 
costs.   Similarly,  actions  by  the  NRC  to  change  "backf  i  1 1  ir.g " 
requirements  (and  thus  to  change  one  major  cause  of  capital 
additions)  would  cause  changes  in  useful  service  lives  by 
changing  the  pressures  of  economic  obsolescence,  all  other 
things  being  equal. 

Second,  useful  service  lives  are  heavily  dependent  upon 
oil  prices  and  other  fossil  fuel  prices.   Economic  obsoles- 
cence, and  hence  retirements,  are  more  likely  sooner  in  a 
world  of  continued  low  oil  prices  and  other  fossil  fuel 
prices  than  in  a  world  that  reverts  to  high  oil  and  other 
fossil  fuel  prices,  all  other  things  being  equal. 
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Fifth,  all  considerati 
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V .  Conclus  ions 

son  to  believe  that  current  nuclear 
stimates  and  current  nuclear  useful 

are  too  optimistic.   The  evidence  for 
inferences  that  are  properly  drawn 

date  are  similarly  weak.   Neverthe- 
1  planning  would  seem  to  require  that 

in  rates  be  made  now  to  decommiss ion- 
ion  rate  provisions.   Additionally, 
lear  power  plants  should  subject  the 
us  scrutiny  over  the  next  few  years 
rrent  "early  warning  indications"  are 
ubsequent  experience. 
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Appendix  A:  The  Data  Sets  and  Results 
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Data  Set  1 

Product-Limit  Estimates 


Years  of  Service  Surviving  2 


Data  Set  2 
Product-Limit  Estimates 


Data  Set  3 
Product-Limit  Estimates 
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Data  Set  1 
Reduced-Set  Estimates 


Data  Set  2 

Reduced-Set  Estimates 
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Data    Set    3 
Reduced-Set    Estimates 
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APPENDIX   3: 


Supply  Situations  For  Other  Major  Pilgrim  Participants 
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I . O 1 uw 

1.01 

$94.72 

i .  i.  j 

1  05 

ti'.'W 

$100.02 

1    M 

.  •  Ok 

2005 

1.10 

$105.23 

2006 

*  w  w •  ww 

1.13 

$110.63 

1.46 

2007 

$:?.36 

1.20 

$116.69 

1.54 

<>aac 

$34.46 

•     -c 

$,'KU    Cents/WH 


$33.40 

0.52 

$41.68 

A     CC 

V    •    W  W 

$43.95 

0.58 

$»£.  t.2 

0.61 

S-3.SC 

0.64 

*  -  *  •  ^  w 

3. 63 

.    ■         w 

$53.10 

0.78 

$62.83 

0.83 

$6'. 44 

0.89 

$71.39 

0.95 

ft    B"3 

*   ■'  W  .   -  w 

1.01 

$82.35 

1.09 

$87.30 

1.16 

$92.20 

(  -in 
i  •  Li 

$99.26 

1.31 

Notes:  [1]  Fro*  BEC0  QF  RFP,  page  c-27. 

[2]  Frew  Eas:*rn  Edison  Coapar.y,  RFP,  Long-run  Ceiling  pr::e  Schedule, 

Text,  tesuiptions,  arid  Worksheets,  Jarua^y  15,  1987,  Table  2. 
[23  rouonwvalti;  Electric  Ccipany,  RFP,  April,  1987. 
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■Cj  projects  :ir;::'v  brrHflt'T  p r l s  = : *■ 


I:-iiir.onw*aIth  EUctri :  II] 


■.ara..  .; 

. .  s . 

. •  M'  -  it 

Capacity 

Avail  ail* 

Plijril 

4-  '  - 

Capacity 

195" 

76! 

2: 

94-: 

•  ore 

1  *G^ 

761 

85 

846 

■  OOfl 

7b  1 

105 

866 

IQQrt 

761 

13! 

892 

1 c '- ' 

i  *  *  » 

761 

141 

902 

1005 

*  4  J  4b 

761 

166 

927 

1993 

7:  i 

176 

937 

1994 

761 

17£ 

927 

1935 

761 

186 

947 

1996 

751 

4  WW 

947 

1957 

761 

186 

947 

1998 

761 

186 

1559 

761 

166 

947 

- 

761 

135 

947 

2G0  i 

761 

186 

947 

zoc: 

?:  i 

186 

947 

i.  !.• «  . 

761 

186 

947 

2004 

761 

136 

947 

*AAC 

761 

156 

947 

20C6 

"61 

186 

8A7 

4  ^  ' 

-.-.■- 

76; 

186 

947 

2038 

761 

155 

947 

2009 

761 

186 

947 

.   .    1. 


Capnitj 
Without  Capacity  Avail at I • 
Pilgrn     ♦/-   Capacity 


573 

M  - 

505 

572 

t,gO 

:  ■  : 

572 

242 

816 

573 

317 

39C 

572 

366 

939 

C70 
J/J 

'  M 

5£: 

C'7 
U  /  - 

280 

953 

t71 

360 

IwVl 

^  /  ■ 

280 

573 

y  y 

376 

949 

573 

361 

934 

261 

534 

-   - 

924 

572 

361 

924 

572 

361 

923 

572 

361 

933 

572 

333 

572 

361 

933 

572 

JOi 

5Jw 

572 

y  <b 

-Cr  t 

a»* 

c7" 

■101 

K3 

Metes:  [ij  'roa  Decision  of  EFSC  No.  86-4,  p  13.  Pilgrii,  ?eabroo»  and  Sas  TorbiiH 

we'e  eliminated,  arc  Hytf*a  Quebec  Phase  I!  was  extended  to  2009. 

[2]  Pros  W?  Piling,  1/15/97,  Exhibit  1.  29  M  itfdod  in  1992.  Pilgrii, 
Seafcrook,  and  Combustion  Turbiies  were  eliminated. 
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*  it  f»     ■  *  r 


'TV    '""KC^;  •:-. 


• : 


IB" 


•030 

1    -  ta.    - 


1934 

•Opc 

1336 

4    -•  '  ^ 

«occ 
1593 

q  A  -^  A 

-  -    .    . 

2001 

4.  '.  V  <k 
^AA«> 

. . .,  , 

-v  .  T 

2005 
2006 

2*ft7 


-.-,•■0 

2010 
2011 


i .  j 


* •  • 

-» -  - 

c;- 


0/7  7 

937 

5 '  7 

J47 


547 

3- 
347 

347 
34^ 

*-    4    -» 

- 

947 

347 
947 
347 


.  "- ■  :  1 


Load      Drfsa^d 


1  !• 


...... 


810 

p?1 

O4.P 

S62 

53: 

90S 

93C 


075 

934 
1009 
1024 


1055 

1071 

'    tw7 


C3] 

0 

0 

0 
0 

0 

0 
5 

0 

0 

0 

n 


0 
0 


0 

0 
0 


-      :  - 


707 

4  *  '^ 

B31 

643 
362 
g77 

C2' 

305 

917 

930 

i  •  • 

'*» 

552 
964 
575 
334 
1009 
1024 

Ww3 

(  Ate. 

.  -.'  J  J 

1071 
1087 
1102 
1120 


.  ~ " . . . 

-. <r . . ' .  . 

serve     "rsp-ys-  Surplus      ?r=^,: 
"         »h«'li*«     r  ■<■•-■  <. 


Pes: 


1£ 

1  J  <• 

<  c 

,4;; 

14, 

16. 

*!•; 

•c 

,3X 

16. 

16. 

»A 

16. 

"V 

16. 

aw 

16. 

16.17. 


1  0 

16, 

A., 
1  '.'/• 

15, 

OV 

15, 

32 

15, 

0" 

1  «-  t* 

is 

W.'t 

*  <j  1 

32 

ft  w  • 

.''■ 

15. 

«,7 

1!. 

5". 

15. 

42 

915 

-WW 

951 
967 

,  •  ">- 
I '.  J 

•  ■  :  -• 

1065 

1081 

,  •  - . 

*   V    .   w 

.    ,  A  C 

I     4     .    w 

.  .  in 

1  4  *  j 

HZ-: 

1152 
1169 

•    •    If? 

'  A;",  ■ 

U:J 

1222 
,    r»  -. 

1255 
!274 


[7: 

-6? 
-88 

-  . 
■1 J 

-33 


a* 

-t  -0 
•  *y 

-177 

1  WW 

-  'Cn 
1  jO 

<  ■»« 
1/1 

-186 
-205 

-240 

-256 
-274 
-230 
-308 


:45 


- .  ** 

21.CZ 

'•  •      W 
••iVi 

-■(      i« 

-,        A. 
fall  VN 

22.02 
M  a* 

&W.  -  *» 

a  .  ,\  t. 
^•».  '/s 

it    a« 

--.'.'  A 

25.02 
25. 0: 

">C    Air 

25.02 
25.02 
25.  OX 

-*S     AV 

4>W  .  V  A 

*'C     At 

4.J.UA 

■ic    •••■. 

^.J.'.'A. 
">C    ,->» 

-  w  •     .'  * 

25.02 
25.02 
25.02 
25.02 


i  k  i  I  i  *  y 


:■•: 


552 

38': 

I   K 

if-: 

1043 

1070 

105' 
1 .  -,- 


1163 

•  -  u 

1  .:•> 

1205 
1224 

1243 

1261 

1280 

1233 

1313 

1339 

1259 
;*70 

140) 


-139 

• .  - 

-  • :  } 

-135 
-199 
-215 

-i«.9 

-  •  - 
--■•. 

-^53 

-276 

-295 

-314 

M  WW 

-r: 

-391 

-411 

-43: 
-45" 


Notes:  [13  frc*  rr.\t  A3-C. 

!2:,  :s:  Proa  Louonuealth  Electric  Company,  RFP,  Apr :  1 ,  fc3E7. 
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nc  *  a  .  ^ 


.-  • 


....    . 

.  z  . 3. *  *  y 


•  •    ;    -  •    ■    i  ■ 
..it      Ir-.i  -: 


...        ..:....,  i  *  -  -  r      *  •  ■(  •  rf  *  a  •  » j 

':*.a.     :-:r'.;    -'-:;  Surplus      :-e-'.?    -*;:;:.;   .- 

_:a:  I      .:..  Dt'.rit  I      .:...:.•     I-:.: 


I98t 

i9e7 

1933 


. :: : 

•990 


19:1 


100  j 

1995 
1936 

•007 

•     .    - 

193E 

•  a  a : 

1  -  -  - 

- 

■  • 
- 

-  .       - 


20C7 

. .  . 

.... 


205 
BOS 
BIS 
WO 
?39 

-  v.  w 

953 


.  Ww 


353 
934 

;:- 

934 

934 

-  -  w 

933 
922 

-  -  - 

923 
222 

923 
933 


rv 


764 

73? 

737 

219 
941 

989 
917 
919 
984 
931 
1020 

1046 

!'}=9 
1110 

'  *e^ 

i    •  Ww 

<  «  IS 

»  i  '0 

-  - . . 


f  91 

ww. 


0 

o 

o 

0 
0 
0 

o 

0 

0 

c 

0 

0 
() 
0 
8 

o 

Q 
0 


[4] 

":* 

m 

777 
717 

819 
641 

ee: 

8E9 

917 
\.-. 
9£4 

! 

104€ 

10£7 
10B9 

•  «  •  . 

•  •  M 

.... 

.    •  w  w 

,  .  -- 

L  «     w 

I  AA~ 


r«i 


I  W  •    W  * 

15.41 

14.5Z 
16.41 

. . .  .  . 

16.31 

• :    •• 
._•.■> 

16.2X 

<  r    im 

•  f     *.. 

IC.11 
IS.  IX 

• :    m 

.  W  I   w'  W 

[(.01 
15.9Z 

15.91 

15.9: 

15.8^ 
I  c  e* 

•  w  ■  w  -« 

•  C    ** 

15.5: 


[6] 

589 
B?4 

890 

?:1 

m 


ic: 


AA 


1068 

. . .  ; 

1151 

•    -WW 

1213 
1237 

<  A£  "\ 

t   .W. 

■:: 


«*«  a 
.... 


■  -:< 

.    *  w   4 

-:: 

.    WWW 


[7] 

:§i 

m 

"3J 

i.n 

BSC 

-64 

!!1 

-73 

it  7* 

.    w    •            • 

:-: 

_  -~ 

R 

!    : 

: 

.  -  w 

-10 

:     I 

1 

-47 

\}.'\ 

- 

-  . 

-80 

.01 

1067 

112 

_   .01 

1100 

111 

20.01 

: 

189 

:    : 

] 

-     1     ■. 

1181 

.-': 

-     .      1 

•  - . 

27? 

::.c: 

:.:: 

w    .   W 

_  .  .  .  » 

::go 

329 

!  .01 

13C7 

353 

;:.oi 

::: 

2'? 

:  .01 

1360 

.  . 

.01 

.:.-: 

. »» 

.   -  •  w  — 

4    •   •    . 

■455 

20.01 

[442 

cti 


.c  • 

-:" 

-  ■  : 

-   - 

■44 

--. 

^  — 

-  : 

•114 
-147 
-154 

•253 

-.'- 

-347 
•374 

-299 

■427 

.  an 


-5C9 


'.::«:  [11  Fr.;»  TatU  A3-?. 

[21 1   i81  Frot  Eastern  Edison  3otpany,  Rr"D,  January  15,  1987. 


-169- 


•»      T 


i-i 


,a:a:it 


.  L  .  ■  _  .  r  .  \  ■  <t 


•  ' 


Nrr:?r    <i  Thousai: 


r  ■••  i 


[33 


'  -JC- 

I  4  it 

19SS 
19S3 

«... 

•  : :  i 
i . . « 

< : :  •■ 

1323 
1934 


1333 

■>  ■  .-, .-. 

4.    .'  V    .' 
-     ■    A  t 


:oo6 


•A,-.n 


$:: 

.75 

$33 

.  w  " 

$35 

t:; 

$3: 

4, 

141 

6S 

$4] 

1  Jw 

$-3 

-,  1 

$42 

50 

$5. 

c: 

w  w 

1" 

■  ■■ 

$!? 

$:: 

w  - 

t:- 

i  4 

**  - 

.  r 

$76, 

52 

$-:: 

IF7 

0  -■'■ 

$92 

20 

$93. 

26 

$103. 

24 

$:::. 

59 

12,352 

-  1 

$2,432 

74 

$2,619 

74 

*  *.  7;  ? 

74 

$2,916 

74 

$2,094 

74 

{  1   -.  C  1 

»w  ,  a.  J  .- 

74 

$3,420 

74 

$2,589 

74 

$-, 053 

- « 

c  •  z-  ■> 

1J 

$4,330 

i  * 

$5,227 

•7* 
/  t 

$5,662 

^4 

$£,112 

74 

$6,504 

'4 

$5,897 

74 

$7,246 

$7,788 

$e,:57 

'i::n'.  [t]  'r:-v  '?:!,  A3-B. 
[2!  Cro«  Table  A2-D. 


.  w  -      WW  i  U W  !       .  i  ^      T      rf  v  1  UlUfl      L  to  J  l 


-170- 


:-c:vr  replacement  >"-:: 


'v  ,»n: 


vei: 


■;a:;t> 

.-.-♦. 


t/ki 


r  <  i 


.  .  a. 

..it  i  ve     .'a;3:it; 
Cost 
*••••;?;  <$  ThouMfid- 

r  n i  fji 


1997 
1939 
1939 
1990 

1991 

•  :$■> 

1933 
1994 

1395 


I99G 
1999 

2000 
2001 

2004 

-.,v  c 

..'.  .'J 

2006 
2CC7 

200c 


$44.07 

51 

$2,234 

$45.48 

74 

$2,366 

i-iE.94 

74 

$49.44 

18 

$357 

t  C  A   2  ' 

44 

$2,225 

#C-  CI 

IguiJi 

41 

$2,173 

74 

14,1(1 

$59.10 

74 

$4,274 

$£2.13 

it 

1 1 

$4,598 

*  -  -  1   - 

74 

14,222 

$r:.G5 

74 

$5,102 

$72.74 

74 

»W  ■  -  -  w 

$~E.:2 

74 

$5,663 

$91.09 

74 

$6,000 

$34.37 

74 

$6,280 

$89.41 

74 

$6,617 

$34.72 

•7  . 

•  * 

$7,009 

$100.02 

74 

$7,402 

$105.23 

74 

$7,794 

$110.63 

74 

$8,187 

$116.69 

74 

$9,625 

$122.99 

74 

$9,102 

*ct*s:  CI]  Froa  'able  A3-B. 
[23  Fro*  T«bl«  A3-E. 
[21  CoIum  [1]  ♦  CoIum  C23. 


-171- 


APPENDIX   4: 


Calculation  of  Present  Value  of  Capital  Cost  Recovery 


,        *---•>".       -  -     -    t        -  -  p  »  - 


i    — 


-w     LI 


■-.  2'  36  rEAFS 


: .   ." ap a : : t>  Factor 
:.  f*s !!•««!  Dates 


c 

-'.'08 


Case 


1986 


1957 


'/ice 


L9S9         1992         1991 


• .  - 


PI  d'it-:n-srr  vice 
4.  Beginning  cf  Year 
:.  Net  Additions 
6.  End  o<  Year 


656.1 


696.1 

846.1 

S46.1 

8*6.1 

846.1 

846.1 

8*6.1 

--.-'■ 

150.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CO 

. 

3*5.1 

846.1 

8*6.  I 

E46.1 

846.1 

846.1 

846.: 

|4t.l 

Accumulated  Depreciation 

7.  Beginning  of  Year 

8.  Annua!  Cepreciition 

9.  End  of  Iut 

10.  Net-Plant  (Year-End) 


152.6 

ISO.  7 

244.1 

275.8 

307.5 

321.1 

"I  •     I 

1  :  3 

28.1 

31.7 

31.7 

31.7 

31.7 

21.7 

1.7 

..  - 

t  "M  e 

.  - .  .  - 

•or.  t 

212.4 

244.1 

L '  w  •  3 

307.5 

-   -    -    1     A 

"f»fl    0 

402.5 

543.5 

665.4 

633.7 

:  :.o 

570.3 

-  -  -  .  b 

507.0 

475.2 

443.6 

Cther  ?ste  Base  I  ten 

11.  Deferred  Taxes 

12.  Materials  &  Supplies 

13.  Nuclear  Fuel 

14.  Average  Rate  Base 
14A.  EFr0  Portion 


•103.7 
20 
51 

-111.9 
0 
0 

•121.3 

0 
0 

-129.8 

0 
0 

.137  q 

0 
0 

•143.1 

0 

0 

-145.7 
0 

-142.: 

0 

0. 

0 

557.7 

418.3 

520.8 
390.6 

480.5 
360.4 

440.3 

230.4 

400.7 
300.6 

mtWW  ■    J 

272.9 

329.6 
247.2 

300.9 

--*   7 

272.4 

- 

-. 

osts 

15. 

Return  on  Rate  Base 

IS. 

Income  Taxes 

17. 

Depreciation 

18. 

DM  Expenses 

19. 

Insurance/Overhead 

20. 

Local  Taxes 

21. 

Decommissioning 

total 

rUel 

13.  Annual  Cost 


43.2 

40.4 

^7  ^ 

1  i      * 

--.  - 

31.1 

29.2 

25.6 

-  - 

Ml.. 

•  •  .    ■ 

20.5 

19.1 

•  1  •» 

LQ.4 

14.7 

13.4 

. «  < 

U.i 

*    .         • 

•   . 

21.1 

Hi  0 

iJ.  0 

M.  0 

23.9 

23.1 

--   0 
.... 

12. : 

-3.1 

0.0 

0.0 

CO 

CO 

0.0 

CO 

CO 

-0.8 

0.0 

0.0 

o.c 

O.C 

0.0 

8.0 

7.6 

7.2 

6.8 

6.5 

6.1 

5.7 

:   . 

4.9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CO 

0.0 

0.0 

CO 

0.0 

88.8 

90.1 

we  0 

81.0 

76.0 

71.4 

-:v. 

t"  e 

...  a 

•4.  Cents/kwfc  Rate' 


-172- 


:r--r:>.   t  ci-mj    *;-"     jc: 


>£    'E-rl 


."    Share    ;t 
■epatioi    iSU'i 


o 


Case 


1  MC 


•0^0 


:ooo 


.... 

- 


- 


P.  ant-m-service 

5.  >-rt  AtfiiioM 

6.  End  of  Year 


F4f   ' 

P4£.; 

S46.1 

846.1 

s-c: 

8*6.1 

3*6.1 

?<6.1 

e*6.i 

CO 

0.0 

0.0 

0.0 

0.0 

0.0 

CO 

0.0 

).« 

;, 

846.1 

8-6.1 

8*6.1 

846.1 

8-6.1 

346.1 

846.1 

e-i£. : 

6*6.1 

846.: 

Accumulated  Depreciation 

7.  Beginning  of  Year 
S.  Annual  Depreciation 

9.  ir.i  of  Year 

10.  N.>t-Plant  (Year-End) 


424.2 

465.9 

497.6 

529.2 

21.7 

1  <  ^ 
j  1 . ' 

21.7 

n<    7 

465.9 

497.6 

529.2 

560.9 

343.5 

216.9 

285.2 

560.9 


CQ1 


592.6 

r  '.  i     1 
bwt.  J 

BWWi 

687.7 

713.4 

21.7 

91     7 

31.7 

SI.  7 

624.3 

£56.0 

6B7.7 

"19.4 

—  *  • 

92.6 


252.5       221.8        190.1        158.4        126.7         35.1 


Ether  Pat?  Base  !te*s 

11.  Deferred  Ta*es 

12.  Materials  \   Supplies 
12.  Nuclear  Fuel 

14.  Average  Pate  Base 
14A.  BEC0  Portion 


26.2 
0 

0 

it',  a 

0 

0 

-125.7 

0 

0 

-121.5 

y 

0 

-114.? 

0 
0 

-105.2 

0 

0 

-93.3 
0 
0 

-53.6 

0 

0 

-"JC    7 

<JU. 

0 
0* 

44.0 

215.6 

is:.7 

191.2 

143.4 

163.7 
122.7 

138.6 
103.9 

116.6 
B7.4 

96.8 

72.6 

98.3 
74.1 

90.0 

67.5 

86.6 

£4.5 


- 

1  c 

>J  ■ 

Petu'n  jr  fate  Bas 

iQ. 

[r :  one  Taxes 

i  -1 

Depreciation 

1  c 

i  .  1 

Q'-  Expenses 

19. 

Insurance/Overhead 

in 

Local  Taxes 

21. 

DecoMissioning 

Fuel 

Annual  Cost 


18.9 

16.7 

14.8 

12.7 

10.7 

9.0 

1    c 
'  ■  J 

7.7 

7 

0 

C    7 

9.0 

7.9 

7.0 

6.0 

5.1 

4.3 

3.6 

3  6 

m 

23.8 

23.8 

m  0 

23.8 

in    q 
&2t  0 

in  0 

iii.B 

11    C 

*1 

8 

b«lG 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

n  '■' 

0.0 

A 

V 

< 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CO 

0.0 

V 

■ 

0.0 

4.6 

4.2 

0.  0 

2.4 

3.0 

2.7 

2.2 

1.5 

4 

k 

r 

d 

4         * 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CO 

0.0 

0 

0 

4j 

• 

0.0 

0.0 

CO 

0 . 0 

CO 

0.0 

0.0 

CO 

1) 

■ 

1 

56.2 

52.6 

49.4 

45.9 

42.6 

39.8 

It    . 

w          .     . 

J . .  u 

?e 

6 

n  j     5 

I*,   >ts/rwh  °ate 
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r :  _  :  a  -  -  - ;    • :   . 


:ri,  l'SEFjl  life  :r  36  •'£--: 


'.  Capacity  ra:rr 
:.  SE23  Shir*  y 
\-.   *ritix.  :6UH>: 

:.  >et:'e*e*t  Cite: 


: 


Case 


2006 


2007 


■ 


:jpvw 

:npvm 

:: 

« 

i 

1 

1  A      *  .  V 
K.   -~    . 

15.  MX 

PJant-in-s*rvic« 

4.  Beginning  of  Year 

5.  Net  Addition! 

6.  End  of  Vear 


846.1       846.1       346.1 
CO  CO 

846.1       846.1       Si-:.: 


A'Muis.! ated  D*p"*ciits ?r 

7.  Beginning  of  Year 

8.  Annual  D*pr«ciatior 

9.  End  of  vear 


751.    792.7   814.4 


""  7 


11.7 


1 '  7 


782.7   914.4   846.1 


10.  Net-Plart  fYear-Erd> 


63.4 


31.7 


CO 


Othe-  Pate  Base  [teas 

11.  De'e-red  Taxes 

12.  "atenals  '  Supplies 

13.  Nuclear  Fuel 

14.  Average  Pate  Base 
14A.  BECC  Portion 


25.5 
0 
0 

66.3 
0 
0 

0 
0 
0 

ea.9 

66.7 

98.0 

73.5 

0.0 
0.0 

'„>:s»5 


15.  Return  :n  Pate  Base 

16.  [nccae  Taxes 

17.  Depreciation 

18.  OW  Expenses 

19.  Ir.suraac#/C»*rhMd 

20.  Local  Taxes 

21.  Deconissioning 

22.  fuel 


6.9 

7.6 

CO 

-     -     c 

il.il 

-  <  0 

0.0 

96 . 0 

23.8 

^*    a 

23.8 

200.7 

CO 

0.0 

0.0 

0.0 

CO 

0.0 

0.0 

0.0 

0.8 

0.4 

O.C 

42.: 

0.0 

CO 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

166.2 

139.0 

73.3 

65.9 

150.0 

116.2 

CO 

0.0 

0.0 

0.0 

34.8 

28.8 

0.0 

CO 

CO 

0.0 

S.  Annual  Cost 


34.7 


35.3 


23.8       542.1        429.9       249.9 


24.  Cants/Mi  Pate 
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:apa:;t/  'actor 


11.'.  \  i-  -  >f 


:-J' 


.85? 


198S 


IOC  j 
...  - 


-.  »-  —  ••:'■;  :'  vear 
5.  Set  A.*d :  t :  :*5 
i.  in:  of  *ea- 


696.1 


635.1       846.1       846.1        B46.1       B46.J       846.1       E46.1        34S.1        546.1 

150  0  0  0  0  0  C 

846.1        846.1        846.1        8*6.1        846.1        3*6.1        B46.1        l-i.\        346. 1 


Accumulated  Depreciation 

7.  Fr;:-:-g  of  Vea' 
£.  -'"uil  Depreciation 
9.  E-.d  cf  Year 

10.  Net-Dlant   ^ear-EncT 


152.6 

1S7.0 

"v^c    7 

264 

34.4 

3e.8 

28.8 

?2 

52. S 

19'.  0 

•?1C  7 

fc.  *  w  •    1 

26^.5 

»  to  V    •     1 

C  *  f     ' 

SSI. 6 

e 
J 

242.1 

390. S 

-'.?.: 

9 

jS  .  3 

26.9 

28.9 

-c.° 

•j 

342.1 

230   Q 

HtfviH 

41?.  6 

504.0       465.2 


2>ke-  fate  3a;e  Iters 
!!.  Deferred  Taxes 
12.  "atenais  •>  Supplies 
12.  Nu:l ear  Fuel 

14.  Average  Pate  Base 
144.   SEC2  Portion 


!03  7 

1  V  w  I    / 

-112.9 

_  i  '•  <     c 

-.".3 

-:-i. '. 

i   tC     1 

— 

20 

0 

A 

0 

0 

0 

Q 

') 

■ 

51 

A 
V 

0 

0 

0 

0 

0 

J5 

0 

5C'  4 

507.5 

460.1 

3'.'t.3 

360. 9 

wi  ;>D 

'5-    C 

te  W   M    f    W 

ac;  .      c 

216.1 

•  uib 

38o.  6 

1IC      i 

w4  J.   1 

Wi   7 

-V  J.   / 

270.7 

229.7 

212.9 

•CD    C 

ft  3 llf  0 

1  -  2  3 

•f.  Return  or  Rate  Ease 

lb.  Incone  Taxes 

17.  Depreciation 

12.  Qltrl  Expenses 

19.  Insurance/Overhead 

20.  Local  Taxes 

21.  Deconissioning 

22.  Fuel 


42.8 

39.4 

"^  7 

21.4 

28.0 

24. S 

22.0 

19 

5 

•c 

.  Q 

3 

20.3 

18.6 

16.9 

li.9 

13.3 

11.7 

10.4 

■3 

•\ 

^ 

; 

25.8 

29.1 

29.1 

29.1 

29.1 

29.1 

29.1 

-  j 

1 

:■? 

I 
1 

-2.4 

0.0 

0.0 

0.0 

0.0 

0.0 

CO 

\ 

■■ 

. 

■ 

-0.9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

o 

• 

• 

' 

7.9 

7.4 

7.0 

6.5 

6.0 

5.6 

5.1 

j 
>• 

i 

i 

^ 

0.0 

0.0 

0.0 

CO 

0.0 

0.0 

CO 

c 

. 

" 

0.0 

0.0 

•   ■ 

0.0 

0.0 

0.0 

CO 

A 

■ 

■ 

23.  Annua!  Cost 


92.4         94.5 


ac  c 


81.9         76.4 


71   '         6:  : 
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LE  A4-S;  PEC3VEPY  3r  S'JN  :CSTS,  U2Er-L  l!r:  Of  22  v£APS 


.  Capsc.t,  Fact:' 

. .  :i.  j  5''i"«  0" 

:-  -  it.:  W   : 
:,  --:-^r  t  Date: 


,as< 


to.;c 

I  •  -  - 


ir?: 


'050 


;.,w 


-.  .-, . 


;  ■ 


-  - 


P!art"in-s*rvic« 
*,  Beginning  :f  Year 
5.  Net  Additions 
E.  Erd  of  Y*ar 


9-E.l       846.1       9-16.1 

0  0  0 

846.1        S45.1        B46.1 


546.1 

646.1 

B46.I 

346.1 

0 

0 

0 

0 

846.1 

846.1 

846.1 

846.1 

e^.: 


C 


Accumulated  Depreciation 

7.  Beginning  of  Year 

8.  Annual  Depreciation 

9.  E-d  of  Year 


497.1 
38.8 

JwJi  J 


5?C 


?b  q 

36.8 


574.7 


574.7 

•3.9 

613.5 


613.5 

33.8 


6c^  -. 
-  -  .  - 

28.8 
£91.0 


691.0 
36.S 

729.8 


29.? 

76S.5 


re  2 


•  - 


Si  -  -    o .  -  . 
.  - . .  . 


10.  Net-Plant  (Year-End) 


310.2 


::i.4 


222.6       193.1       155.1        116.3         77.5 


M 


Other  fate  Ba=r  lie*- 
SI.  Deferred  Taxes 

12.  Materials  '•  Supplies 

13.  Nuclear  Fuel 

14.  Average  Rate  Base 
14A.  BEC3  Portion 


0 
0 

-121.5 
0 
0 

-105.2 
0 
0 

■ft*     ^ 
"  .  -  •  J 

0 

0 

-59.6 
0 
0 

-36. 7 
0 
0 

'C    c 
-J.J 

0 
0 

16.3 

0 
0 

0 
0 
0 

184.5 
138.4 

149. 9 

112.4 

127.4 

95.6 

10A.6 

75. 4 

95.5 
71.6 

79.6 

59.7 

103.0 
77.3 

.  .  1 

78.  S 

0.0 
0.0 

U'.'S  .3 


15.  Return  or  Pate  ?a?e 

16.  [nccae  'axes 

17.  Depreciation 
IS.  GV  Expenses 

19.  insurance/Overhead 

20.  Local  Taxes 

21.  Dec oiiiss lining 

23.  Annual  Cost 


14.3 

11.6 

9.9 

7.8 

7.4  ' 

6.2 

3.0 

6.9 

5.5 

4.7 

2.7 

1  c 

2.9 

2.8 

2.9 

0.0 

Jf 

29.1 

29.1 

29.1 

29.1 

29.1 

29.1 

29.1 

ft    7  •     » 

^0    • 

■  -  1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.C 

CO 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

CO 

3.7 

3.3 

2.8 

2.3 

1.9 

1.4 

0.9 

0.5 

0.0 

--      7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

,0.0 

0.0 

0.0 

0.0 

--  .  7 

49.5 

46.4 

42.1 

*1.9 

29.6 

41 .9 

•1.6 

c  *  • 
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C'V 


;4>  Parte? 


.     .  .  -" 


Case 


CNPVRF 


? 


> : 


15.00X     20.00* 


F 1  3 '"  t - ;  " - S # •  -iCe 

-.  Beginning  :f  Year 
5.  Net  Additions 

i,     Ef>C    0f    v?ar 

Accuiulatefl  Depreciation 

7.  Beginning  ef  Year 
S.  Annual  Depreciation 
5.  End  of  Vear 

10.  Net-Plant  (Year-End.1 

Other  Pate  Base  Itets 

11.  Deferred  ri^i 

...  "n.rr.a.s  7  3wpp»lra 

13.  Nuclear  Fuel 

m.  Average  Pate  Base 
14A.  BE/:  Portior 


15.  Return  on  Pate  Base 
IS.  'ncoie  Tjies 
1".  Depreciation 
13.  OIK  Expenses 

19.  Ir.£uran:e,']»e''nead 

20.  Local  Taxes 


...  jecGS»i55ionir.g 

22.  Fuel 


146.9 

124.9 

69.1 

51  c 
Jg .  0 

194.4 

157.1 

0.0 

0.0 

0.0 

0.0 

31.9 

25.3 

0.0 

0.0 

0.0 

0.0 

:2.  Anr-ual  Cost 


441.3       34S.9 
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t  z.i  m<\  *e::ve- •  :r  sw  :osts,  useful  li<"e  or  23  years 


:- 5 • •  -  . 

•  •  r  -  •  ■     1 


a:n 


-„- 


:  D?t 


Costs 


1986 


1997 


1933 


1989 


1991 


Plan*--.— soviet 

4.  B^jinninj  of  Year 

5.  Net  Additions 

6.  End  of  Year 


696.1 


696.1 

846.1 

£46.1 

846.: 

84c.  1 

846.! 

3*6.: 

150.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

846.1 

8*6.1 

846. 1 

6*6.1 

B4£. : 

-  -  -  .  . 

846.1 

-  ■  - 

Accumulated  Dep'eciatior. 

7.  Beginning  of  Year 

8.  Annua!  2epreciation 

9.  End  of  Year 

10.  Net-Plart  (Y#«r-E«d) 


152.6 

208.8 

->7-,    ' 

....  j 

400.0 

4*3.7 

c  •  -    r 

56.2 

63.7 

6"  1 

63.7 

62.7 

63.7 

63.7 

152.6 

:  3.8 

1'2.6 

-  H  «.   •    J 

-  :.o 

*62.7 

527.3 

59: 

1 

543.5 

C?7    1 

9y     1  w 

573.5 

5W.8 

M6.I 

232.4 

::3.6 

25*. 9 

Other  ca*e  Pase  Itets 

11.  Deferred  Taxes 

12.  Materials  &  Supp'. ie- 

13.  Nuclear  Fuel 

14.  Average  Pate  Base 
14A.  BEC0  Portion 


103.7 
20 
51 

-121.3 

A 
1 

C 

-1*3.1 

0 
0 

-:*f.7 

0 
0 

-136.2 

0 
0 

A 

■ 

0 

-     -.9 
0 
0 

0 
'    0 

529.6 
397.2 

452.0 
339.0 

266.7 
275. 0 

300.4 

225.3 

246.2 
184.6 

189.1 

hi.: 

-co 
5.8 

'-.  - 

15.  Return  on  Rate  B«S4 

16.  [rcom  Taxes 

17.  Depreciation 
IS.  G«  Expenses 

19.  Insurance/Overhead 

20.  Local  Tares 

21.  Decommissioning 
...  fiiti 

22.  Annual  Cost 


41.1 

ie    1 

::.4 

^0    ? 
£3i  y 

19.5 

16.6 

13.5 

11.0 

42.2 

47.8 

47.8 

47.3 

-3.6 

0.0 

CO 

0.0 

-1.0 

0.0 

0.0 

0.0 

7.6 

6.9 

6.1 

5.4 

15.6 

0.0 

. 

0.0 

0.0 

> 

0.0 

21.4 

ivb.  . 

J5.8 

0/  .J 

19.1 

14.7 

1C.9 

[ 

9.0 

■ 

5.1 

- 

47.6 

i\3 

47.8 

-•  s 

0.0 

0.0 

0.0 

■. 

0.0 

0.0 

0.0 

4.6 

3.8 

2.1 

-     - 

0.0 

0.0 

0.0 

CO 

CO 

0.0 

8.>    c 


7"!    *> 

'  -•  4. 


66.9 
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:«!   C3STS,  -SEr'-L  LITE  OF  25  'EapS 


:.   .'i^::4/  factor 

«.  ■      L  ■•  «  .      -      2 

:    .  -    -  *•    • .       "    . 


13'?! 


[936 


CNF 

.:: 

-  ..»      -  - 

a 

■ 

>    - 

p. .  • 

i  c     ■     • 

■«;:.•: 


20.001 


cjjft-ip-s*rvic* 


4.  Begiirr.g  :'  ve3r 
3.  Net  Ac::t;ons 
E.  E"d  of  vear 


846.1 

946.1 

946. 1 

0.0 

0.0 

0.0 

846.1 

846.1 

64E.1 

Accumulated  Cepreciaii  :r 
^.  Begi.Trsing  of  Year 

8.  Annual  Depreciation 

9.  End  of  Yea? 


654.9 

718.6 

782.4 

63.7 

63.7 

63.7 

'15.6 

782.4 

846.1 

10.  Net-Plant  (Year-End) 


127.5 


">    7 


0.0 


Other  Rate  Ease  Itens 

11.  Deferred  Ta\es 

'.2.  Materials  &  Supplies 

13.  IfocUar  fjpi 

14.  Average  Pate  Base 
14*.  BECC  Portion 


26.7 
0 
0 

*c   c 

4tJl  J 

0 

o 

0 

0 
0 

90.8 
68.1 

89.2 
66.9 

0.0 

0.0 

::.  -rturr  on  Pate  Base 

16,  Incote  Taxes 

17.  Depreciation 
IS.  3iH  Expenses 

19.  In;u'ar.ce/0verhead 

20.  Local  Taxes 

21.  Decouissioning 

22.  Fuel 

22.  terul  Ccst 


7.0 

6.9 

0.0 

Ml"!     "> 

7/  .  w> 

96.3 

3.3 

-5    T 

0.0 

46.1 

40.9 

47.8 

47.8 

47.8 

2S9.4 

229.9 

200.4 

0.0 

0.0 

0.0 

0.0 

CO 

CO 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

1.5 

0.8 

0.0 

2>J. 5 

21.6 

13.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

59.7 

53.  E 

47.8 

476.4 

404.3 

j46.  5 
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